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ABSTRACT

Vincent J. Coates begins the interview with a description of his childhood in
Bridgeport, Connecticut. Having been too young to join the military at the start of World
War 11, Coates got ajob filing machine parts and began attending the Bridgeport
Engineering Institute. He later applied the knowledge he had gained at the Institute on
the Navy’ s Officer Candidate School exam, earning him the highest score in Connecticut.
At the behest of his mother, Coates attended Y ale University, majoring in mechanical
engineering. After ashort tour in the Navy, Coates took ajob at Chance-Vought Aircraft.
He worked there for two years, but when he learned that the company planned to move to
Texas, he decided to seek employment elsewhere. 1n 1948, he was hired at Perkin-Elmer
Corporation; ajob that was to have a great impact on hislife. He began as a project
engineer, but when John U. White left suddenly in 1949, the responsibility for their
project, the Model 21, fell completely on Coates' s shoulders. He was undaunted,
however, and after extensive research of infrared spectroscopy, Coates, with the help of
John Atwood, finished the instrument. After the original Model 21 became a proven
success, Coates began devel oping accessories for the instrument, such as the Prism
Interchange Unit, to expand its potential market. Eventually, he was moved to California
to head their Ultech Company subsidiary. Coates decided to leave Perkin-Elmer after the
president decided to shut down Coates' s field-emission scanning electron microscopes
[FESEM] project at the request of Hitachi. Having realized the potential of FESEMS,
Coates and Len Welter started the Coates & Welter Instrument Company to produce the
world' sfirst commercial FESEMs. Though they had a good business, they soon ran out
of money and were acquired by the American Optical Corporation [AQ]. Coates worked
for AO briefly, and then he stared his own business, Nanometrics Incorporated, in 1975.
At first, Coates attempted to build and sell a Raman spectrophotometer system, but the
instruments resolution proved inadequate for measuring Raman lines. He then adapted
his instrument for measuring fluorescent-tagged samples. He had assumed the instrument
would be useful for biological research, but nobody was interested initially. Hefinally,
and unexpectedly, found a niche for the instrument in the measurement of integrated
circuits. His Microspot Film-Thickness-Measurement Systems became essentia for the
manufacture of advanced microchips, and his company became extremely successful as a
result. Currently, Coates shares his successes with the scientific community through the
philanthropy of the Vincent J. Coates Foundation.

INTERVIEWERS

David C. Brock is Program Manager for Educational and Historical Services at
the Chemical Heritage Foundation in Philadelphia. Heis currently a Ph.D. candidate in
the History Department, Program in the History of Science at Princeton University. In
1995, Mr. Brock received hisM.A. in the History of Science from Princeton University
and in 1992, he earned a M. Sc. in the Sociology of Scientific Knowledge from the
University of Edinburgh.
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INTERVIEWEE: Vincent J. Coates
INTERVIEWER: David C. Brock
LOCATION: Milpitas, Cdifornia

DATE: 5 May 2003

BROCK: Please discuss your childhood.

COATES: | wasbornin Bridgeport, Connecticut, in January of 1925. | went to grammar
school and high school in Bridgeport, graduating in 1941. | was only 16 years old then, and
World War 11 had just begun. Since | was too young to be drafted, | got ajob. Theonly job that
| could get at that time was at Moore Special Tool Company near my home. | worked on the
bench filing the burrs off of machined parts. | would spend an entire day filing one box of parts,
only to come in the next day to file another large box of parts. There were alot of Defense
contracts issued at the beginning of the War; one of which they received. We all worked twelve
hours a day, seven days aweek. | was paid 25 cents per hour. It didn’t allow me much time for
asocial life, but that was my life when | was 16 years old.

One day, while at work, the guy next to me struck up a conversation. He said, “| just
signed up with Bridgeport Engineering Institute in downtown Bridgeport. | don’t see myself
doing thisjob therest of my life!” | said, “For God's sake, that’sright. | don't seeit either.
How did you sign up? | think I’'ll do it too.” So heand I, despite our long schedules, would
leave work at seven o’ clock and take the bus downtown for classes from eight to ten. We did
that for about a year-and-a-half. | studied math, physics, chemistry, metallurgy, and so forth.
After about a year of taking courses at the Bridgeport Engineering Ingtitute, | was qualified for a
much better job. | left my job of filing parts and took a position in the microscope laboratory at
the Bridgeport Brass Company. The laboratory tested the brass parts that were made at the
factory. We tested many of the brass's properties, including its hardness and the general quality
of its grain structures under the microscope.

While | was working at the Brass Company, the military was constantly drafting my
bosses and fellow employees. At seventeen yearsold, | ended up running the lab during the
night shift from 11:00 pm until 7:00 am. There were three or four other people working with
me at night because the |ab was a twenty-four-hour-a-day operation. | learned alot about how
microscopes worked during that time period. Eventually, | became the supervisor.

| learned about the Navy’ s plan for anew officer training school while | was working at
the Bridgeport Brass Company. One of the metallurgists who worked during the day would
leave me samples that he wanted me to prepare for his projects. One day, he read an articlein



the newspaper about a competitive test being conducted at the local high school. He told me
about the test, and said that those who passed it could enter the Navy’ s Officer Candidate
School [OCS], or the V-12 Program. So | went to the local high school to take thetest. | was
the same age as the other guys taking the test, but by that time | had afew more years of
experience and education than they did. | took the test and received the highest scorein
Connecticut.

My mother was overjoyed to hear that | had passed and been invited into the program.
We were given alist of universities to select from; though | was considering a university in
Maryland, my mother told me, in no uncertain terms, “Y ou’re going to Yale [University]!”
[laughter] Y et another good decision made by my mother. | was scheduled to go to Yaeon
July 1, 1943, and was drafted just beforehand. | had just turned eighteen, but | had got into Yae
in the knick of time; otherwise, | might have had to go overseasin the Army.

| started in the Navy V-12 Program at Yae University on July 1, 1943. There, | studied
mechanical engineering in an accelerated program for 28 months. Our studies went unimpeded,;
there were few holidays, vacations, and so forth. | was awarded my mechanica engineering
degree in February of 1946; by then, the War was over. | received my officer designation as
Ensignin the U.S. Navy, and spent the next five or six months in shipboard training.

First, | was sent to Newport, Rhode Island, for some very intensetraining. Then, | was
assigned to the U.S'S. Cleveland; alight cruiser that had seen some serious combat in the Pacific
[Ocean] during the War. The two to three month trip was very boring. The only bit of
excitement was a hurricane that we encountered in the Atlantic Ocean. | remember the waves
breaking right over the bridge of the ship; it wasincredible. Ninety percent of the people aboard
became seasick. | didn't get seasick, fortunately; though, | don’t know why. Eventualy, we
ended up in beautiful Bermuda. The Bermuda Officers' Club was selling bottles of French
champagne for adollar; it was all very nice. So | didn’'t have avery tough time following
World War 1.

My Navy tour also took me north to Canada, down the St. Lawrence River to Montreal,
and then back down to New Y ork City, where | got off in July 1946. | was assigned to the U.S.
Navy Reserve with the knowledge that | could be called back at any time. In August of 1946, |
took ajob at the Chance-Vought Aircraft Company in Stratford, Connecticut. | was honorably
discharged from the Navy Reserve severa years later.

BROCK: Would you please talk more about your family?

COATES: Yes. My father, Joseph Coates, was born in Bridgeport, Connecticut. Hewas a
machinist who did alot of precision work. He aways told me about his job when | was young.
He was very proud of me and my acceptanceto Y ale; he called me“pa.” My mother came
from England with her family in 1912. She never attended high school, but she was very bright,
and she always knew what was best for her kids. She was always very optimistic about my



career and personal affairs. | had agreat family. My father died from Parkinson’s disease in
1960. My mother passed away in 1981.

My dad made this model submarine for mein the 1930s. [displaying] It’sabrass
submarine that he machined in good detail. 1t’skind of neat. He was very clever and handy.

| have two brothers and a younger sister. My older brother is named Bill and my
younger brother is named Joe. They currently live in Connecticut. My younger sister is named
Ethel; shelivesin Florida. My son, Norman, is a productive farmer and winemaker in Northern
Cdifornia. He hastwo children, Melonie and Carl. Melonie graduated from UC [University of
Cdifornia at] Berkeley last year. My daughter, Darryl, married Gerry Manning and now lives
in Connecticut with my two other grandchildren, Lauren [who isasenior at Yale] and Tommy,
in high school. My youngest son is named John, but he likes to call himself Trevor. Hehasa
PhD in German Literature from the University of [Californiaat] Santa Cruz. Hiswife, Sarah, is
also an expert in German language and culture. They both teach at Western Massachusetts
College. Of al my children and grandchildren, thereis not a single scientist or engineer among
them; isn’t that unusual?

My spouse, Stella, ismy second wife. We have been married for 24 years as of June,
2003; but we've had no children together. Both of us participate in the Vincent J. Coates
Foundation, which was established to fund active research in the chemistry of the brain,
especially brain diseases, such as Alzheimer’ s disease, and Parkinson’s disease.

BROCK: Why did you graduate high school so young?

COATES: My mother enrolled mein our local Catholic elementary school when | was four
yearsold. Therewas no kindergarten. Inthose days, | guess they accepted very young children.
| went through the school system and graduated at 16. It took the normal twelve years.
Occasionally, the Catholic school accepted young children who wouldn’t pass their first year.
Instead of being able to move on, they were forced to repeat the grade. Fortunately, | was able
to make it through.

BROCK: So you werein a Catholic school system, and then you went into the public school
system?

COATES: Yes. | went to Warren Harding High School in Bridgeport. The transition was all
right. | was never motivated in high school, but | guess | got through and graduated with B's
andC's.



BROCK: Did you have an interest in technology or science while you were in grade school or
high school ?

COATES: Not that | remember. | was more interested in the English language, writing, and so
forth. When | got out of high school, the only job | could get was in a machine shop. | attended
the Bridgeport Engineering Institute at night because the guy working with me had decided to
enroll. The Institute was where | learned about science and engineering. It was a great
ingtitution, and | was lucky to enroll. The knowledge of mathematics, chemistry, and physics
that I’d gained at Bridgeport allowed me to keep pace with the courses at Y ale.

BROCK: Describe the Navy’sV-12 Program.

COATES: Itwasarigid program. The Navy wanted guys to study engineering, so | wastold |
was going to become a mechanical engineer! [laughter] It was acompressed version of Yae's
program, with lots of math, chemistry, and physics. Y ae was awonderful place because |
couldn’t avoid becoming educated. | was able to take lots of other courses, like English
literature and language courses. Further, when | had bull sessions with the other guys, they
were aways about sophisticated topics, like poetry, classical music, and so forth. For instance,
after reading T. S. Elliot we had bull sessions about him. Y ale was awonderful placeto goto
school, and | ended up with a complete education, from one end to the other.

| became very interested in mechanical design whilel wasat Yale. Mechanical
engineering consists of things like thermodynamics, which one might use, and it also includes
internal combustion engines. [laughter] For me, the most attractive aspect of mechanical
engineering was the prospect of designing products. | spent alot of time studying and working
on mechanical design. After being discharged from the Navy, | wanted to get involved in
design. That iswhy | took the job at Chance-Vought Aircraft in Stratford, Connecticut.

| worked there from August of 1946, until November of 1948. Chance-Vought had a
full program with lots of overtime. At first, | worked on the design-drafting board making
blueprints, drawings, and learning the proper drafting techniques. | also observed the
organization in the design and drafting room. Then, | was assigned to the “mold loft,” where |
had to make parts that fitted the aeronautically-tested shapes of airplane wings. Next, | was
assigned to the hydraulics laboratory. My job was to test a new generation of hydraulic parts
that were to be used in the F7U carrier-based jet. | designed portions of the F7U’s arresting
hook. | worked on the actual parts, like the motors, jacks, and valves used in the hydraulic
system. The United States Navy ordered a changeover from a 1,500 psi [pounds per square
inch] hydraulic system to a 3,000 psi system, allowing the landing gear, bomb doors, and so
forth, to work more rapidly. A problem with the airplane’ s hydraulic systems was that all the
hydraulic fluid was pumped-out if the systems were busted during combat, causing the pilot to
lose control and crash. My job in the hydraulic lab was to help solve that problem. | invented a
hydraulic-valve fuse that automatically closed down the hydraulic line whenever the pressure



dropped on the other side of the fuse. It was the first actual invention that | helped to develop. |
tested it from room temperature to minus 60 degrees F [Fahrenheit], and it worked quite well. |
don’'t know whether the Chance-V ought ever applied for a patent on it.

In October 1948, Chance-V ought announced they were going to move the entire
company to Texas; Lyndon Johnson may have been involved in that decision. Not wanting to
move to Texas, | started looking for another job. | interviewed at asmall company in
Glenbrook, Connecticut, called the Perkin-Elmer Corporation. They had a smaller building than
the present Nanometrics, with maybe one hundred and fifty employees. They had got involved
with infrared [IR] spectroscopy during World War 11, but Richard [S.] Perkin was more
interested in astronomy and advanced optical systems.

Perkin worked on Wall Street and also belonged to an amateur astronomy society in
NYC [New York City] that met once amonth. The society discussed tel escope design, celestial
objects, photographs they had taken, and so forth. Asaresult of the tensions with Germany
before World War 11, their society could no longer order astronomical tel escopes from Zeiss
[Carl Zeiss Jena] and Leitz [Ernst Leitz] in Germany. So Richard Perkin and his friend, Charles
Elmer, a court stenographer and society member, formed a contracting company to find optical
shopsin the U.S. [United States] that could make telescoping optics. They eventually found and
contracted with a shop in New Jersey, named Mogey & Sons, which made optics quite
successfully. At the outbreak of World War 11, Perkin-Elmer won a contract to build optics for
bombsights, so they contracted with Mogey & Sons to make the parts. Eventually, the two
companies decided to merge. They moved to Glenbrook, Connecticut, and produced specialized
roof-prisms for the US Air Force during the War.

During that time period, the American Cyanamid Company in nearby Stamford,
Connecticut, was designing an IR spectrophotometer; and they requested Perkin-Elmer
manufacture the optics for the instrument. American Cyanamid scientists realized that IR
spectroscopy was useful for chemical elucidation and analysis, and since no commercial
companies were making spectrophotometers during that time period, they needed to build their
own. They purchased optics from Perkin-Elmer and built alarge, and innovative, IR
spectrophotometer.

Many people in Perkin-Elmer’s optical department who had worked on American
Cyanamid’ s optics asked Richard Perkin to consider building IR spectrophotometers after the
War; something Perkin eventually decided to do. Then, an engineer at Perkin-Elmer, Richard
[F.] Kinnaird, proposed the design of an IR system to Perkin-Elmer’s optical department that
was about one quarter the size of American Cyanamid’ s system.

Dr. Van Zandt Williams became famous for areview that he and colleagues had written
about IR spectroscopy work during the early twentieth century. It’s entitled, “ Synthetic Rubber:
A Spectroscopic Method for Analysis and Control (1)”; we used to giveit to our customers.
Williams worked at American Cyanamid. Eventually, Richard Perkin invited him to join
Perkin-Elmer. Williams accepted, bringing to Perkin-Elmer his knowledge of American
Cyanamid’ s spectrophotometer, which aided in the construction of Perkin-Elmer’sfirst



commercial product, the Model 12. It was atable-top instrument that incorporated aspheric
optics, Halley Mogey’ s addition, to make it a more compact instrument. It had paraboloids,
ellipsoids, and so forth, instead of strictly spherical optics. The instrument’s electronics were
rather crude, but the instrument was superior to American Cyanamid’sinstrument and found
early success.

During that time period, Max [D.] Liston, of General Motors' Research Laboratory, had
been involved in the design of IR spectrophotometers. General Motor’ s engineers had built
some spectrophotometers for which Max Liston had designed a breaker amplifier [breaker-type
DC amplifier] and a powerful, infrared-sensitive vacuum thermocouple. Perkin-Elmer required
those instruments for their IR spectrophotometer, so Richard Perkin invited Liston, along with
his breaker amplifier, to join Perkin-Elmer. General Motors had used Liston’s amplifier asa
product line during the War, but they weren’t interested in developing IR spectrophotometry
afterwards. Amplifier sales were small potatoes for GM.

Having arrived at Perkin-Elmer, Liston applied his breaker amplifier and electronics
knowledge to the Model 12, forming a complete system that point-plotted IR spectra. Perkin-
Elmer then developed the Model 12B, and later the Model 12C IR spectrophotometer. Soon
after, Dr. John U. White was hired to extend the design of the Modd 12C. | think he came out
of Esso Research, which was what Exxon [Exxon-Mobil Corporation] had been named during
that time period. He and Liston added a beam chopper to the Model 12 that was detected by
Liston’s vacuum thermocouple. The Model 12B had used direct-current [DC] detection that
drifted and was very noisy, causing the data from the Model 12C’ s predecessors to be less
useful. The users, who had to plot spectra by hand, were very unhappy because it took weeks to
get a spectrum. Conversdly, the chopped-beam version of the Model 12C with the fast
thermocouple was the first spectrophotometer to give stable, reproducible results using a paper-
chart recorder.

| appeared on the scene during that time period. | was interviewed by John Whitein
November of 1948. He and Liston had aready started designing a new instrument, the Model
21 which they based on a system built at Dow Chemical [Company]. They realized the Model
12C had the absorption bands of CO, [carbon dioxide], water vapor, and anything elsein the
atmosphere, superimposed on al of their absorption data, decreasing its usefulness. Though it
was useful for observing changes at pre-sel ected wavel engths using quantitative analysis, the
Model 12C was inconvenient for the spectral analysis of general organic compounds over a
wide range. During that time period, IR spectroscopy was being used in the pharmaceutical
industry, the oil industry, et cetera. Liston and White had started to design a spectrophotometer
that took the optics from the Model 12C and incorporated them into a double-beam design. A
company in Long Island had done the mechanical designing for the instrument, but after White
received the plans and constructed the instrument, he found it didn’t work. [laughter]

[END OF TAPE, SIDE 1]



COATES:. The recording system didn’t work, and the optical design was incomplete, and
poorly constructed. Consequently, the whole project seemed like a disaster from the start.

From what | understand, Richard Perkin had considered canceling the project because John
White told him that the Model 21’ s external design was terrible and valueless. White convinced
Perkin to hire a designer; someone who could take White's original ideas and put them into a
working design.

I had been looking for ajob around that time period, and John White was impressed
enough with my interview that he hired me. | was given a drafting board, and a small office,
which was the engineering department. | didn’t know anything about IR spectroscopy; | didn’t
even know what either IR or spectroscopy was! | spent the first few months just working with
Dr. White and talking about the mechanical design problems. He didn’t tell me much about the
Model 21’'s purpose or direction. For instance, he would sit next to me and say, “| want a gear
box that has these features, or | need a new design that does this.” So, | designed new parts and
assemblies as requested.

In 1949, after we' d been working on the Model 21 lessthan ayear, Dr. White camein
to my office and told me that he had just quit. He'd had an argument with Richard Perkin and
Van Zandt Williams about something, and then came in to my office and said, “Vince, I’m sorry
to tell you this, but I'mleaving.” After heleft, | said to myself, “What do | do now?” [laughter]
A few hours later, Van Williams camein and said, “Vince, we'll hire another physicist to take
over the project. Do you have some thingsto work on?’ | said, “Yes. | guess I’ve got some
things | could do.” After heleft, | thought to myself, “I’d better learn something about IR
spectroscopy!”

Perkin-Elmer had a small library. There, | found issues of the Journal of the Optical
Society of America since the 1920s. | spent two months at the Perkin-Elmer library, several
hours a day, reading virtually every article | could find on IR spectroscopy. | aso studied the
Review of Scientific Instruments. | learned alot by the time | wasfinished; it was avery
interesting field. Looking at the design of the Mode 21, | realized that it was far from being
completed. So, | sat down, at 25, and started to complete the design. [laughter] It wasabig
opportunity for ayoung guy like me; and for John Atwood, who designed €l ectronics modules.

Van Williams ignored my redesign work on the Model 21. He knew | wasin the
engineering department designing things, but he didn’t know what | was doing. He never hired
the new physicist. A salesman at Perkin-Elmer, Paul A. Wilks, was selling the Model 12C asa
guantitativetool. | generally sat in my little room designing, so | didn’t have much contact with
him. [laughter] After about ayear, | finished the new prototype and tested it on a bench in the
optical-manufacturing room. That became the finished design for the Model 21 instrument.
During the instrument’ s testing, John White and Max Liston requested test data, photos, and so
forth, for papers they were to submit to the Journal of the Optical Society of America (2). Both
White and Liston had |eft Perkin-Elmer by the time their articles were published, but they still
created alot of interest.



| had al'so designed a very versatile recording system for the Model 21. | designed the
drum for the recording paper, the drive for the pen, and the pen itself. | designed everything,
including the paper holder, the automatic-scanning switches, and the repetitive scans for the
kinetic studies of fluctuating-sample properties. As requested by our customers, the Moded 21
provided the user with many options. The monochromator’s optical parts were taken from the
Model 12C as before.

A problem with the Model 21 was the unreliability of its IR source. To fix that problem,
| consulted numerous resources on IR, and designed a new, stable mount. The design allowed
usersto operate for years without needing to replace a burned-out source, which was avery
important quality that made the instrument reliable and easy to use.

BROCK: What was that source called?

COATES: Itwascalled aNernst glower. A problem was that the data became noisy if the hot
source ever bent. It was heated to 1800 degrees F. To fix the problem, | designed a source that
didn’t move around or bend, was optically correct, and was easy to replace. Spectral-data
accuracy was essential for users of the instrument because comparative spectra were run on the
same paper to accurately show their differences. If the source distorted after being heated, the
inaccurate results made the spectrainconclusive.

After testing the prototypein early March, | personally droveit, in the company station
wagon, from Connecticut to the 1950 Pittsburgh Conference. For the Model 21’ s first showing,
Perkin-Elmer had rented a small booth in the ballroom at the top floor of the William Penn
Hotel. There was no other Perkin-Elmer equipment in the show that year. | placed the Modd
21 on the provided bench, which sagged quite abit. Then, | scanned the spectraof a
Polystyrene sample film with superimposed 20 minute scans, thirty or forty times each day.
Each time the scan repeated within pen-width. When | returned to Perkin-Elmer with the
instrument, Williams was surprised when | told him the booth was constantly packed with
people; | never even had time for lunch! He was also surprised that | didn’t have any problems
with the instrument.

After the instrument’ sinitial success with customers, | began devel oping accessories,
including solid, liquid, and gas cells for the Model 21. | eventually designed some gas cells that
were 40 meterslong. These were sold to the Los Angeles Air Pollution Control District
[APCD] to measure the small concentrations of gasesin smog. | folded the path to fit in the
beam so that it bounced back and forth, making an effective forty-meter path. When its gas-cell
pair, matching the sample and reference beams, was completed, tests showed that the
background noise was surprisingly small. Asaresult, it seemed feasible to measure even
smaller quantities of trace components. We had the option to design a gas cell with alonger
pathway, but the design was expensive and impractical.



Another innovative concept was to expand the percent-transmittance scale of the Model
21 to magnify the absorption peaks. | designed a manually-controlled, variable gearbox and
servomotor system to expand the travel of the optical wedge. The new gearbox permitted the
expansion of the transmission-scale recording. For instance, a 10 percent change in the
absorption caused the chart’s pen to travel full scale, magnifying the recorded absorption. We
found that the Model 21, with its big optics, had an all-stops-out signal-to-noise ratio of better
than five thousand to one. It was an improvement that we hadn’t realized before. It allowed a
user to expand the scales up to 25 times while still showing a noise of less than 2 percent on the
chart.

When we tested the new Model 21’ s scale-expansion system, we saw the peak heights of
trace samples in atmospheric smog, including ozone, nitrous oxide, and other photosensitive air
pollutants, subsequently proving the instrument could detect particle concentrations less than
severa parts-per-billion. Asaresult, we used forty-meter cellsto produce the equivaent of a
four-hundred-meter pathway. The scale-expansion control became an important feature on all
Model 21s produced thereafter. It was very useful for operators identifying chemical
components at low concentrations in the IR spectra. At the 1957 Pittsburgh Conference, we
described the new scale-expansion system as a major breakthrough in infrared.

The Model 21’ sredesigned dlit-width control variable potentiometer allowed a constant
signa across the entire wavelength [or wavenumber range] of interest. It allowed the highest
spectral resolution of the adjacent peaks, or the best possible signal-to-noise ratios during
scanning. | worked with some people at the Sloan Kettering Institute who were very interested
in measuring small components, mainly steroids, in biological materials. | designed a micro cell
that was half the height and width of the entrance dlit, and placed it inside the sample space's
cover, near the dlit image. 1t had asmall volume, but radiation passed through it efficiently. It
offered new capability for trace work.

| worked constantly on those interesting applications for the Model 21 from 1949 to
1953. The market for the Model 21 expanded each time | designed a new application. For
instance, | designed a specul ar-reflectance attachment that all owed engineers to measure the
reflection of materials against a known reference material; it was very useful for the tin-can
industry. Engineersin that field wanted to know the composition and thickness of a sprayed on
polymer coating that kept the tin can from corroding and poisoning its contents. To measure the
thickness and chemica composition of the polymer, we put a small piece of the coated canin to
the Model 21 and reflected light off of it. The experience gained from measuring thin films on
substrates is aso valuable for work in my present company.

I worked on another useful design project around 1952. | designed standard charts for
storing the pure-spectra recordings used in photography. The standardized recordings were
obtained on the Model 21 by running spectra of very pure, carefully-refined compounds in the
sample cells. The photographs were then placed in organized files to be used as comparison
standards for the identification of new compounds. The process became important for many
Model 21 users, and led to the publication of thousands of spectrain a useful, standard format
(3). Pure spectraare still used today.



BROCK: Did you work on that project from 1949 to 1956?

COATES: Yes. Thework was part of the Model 21'slegacy. Another accessory | designed
was for use in the reference beam. It was a precise mechanical cell with adliding seal designed
to move two NaCl [sodium chloride] windows apart with a narrow gap. It was called avariable-
thickness liquid-absorption cell. When a sample with an insignificant carbon-hydrogen
absorption of an unknown solid or liquid, such as carbon tetrachloride or carbon disulfide, was
placed in the sample beam, the variable-thickness cell in the reference beam was matched to
cancel-out the background absorption of the unwanted solvent. The cell’s design incorporated
one of thefirst uses of Teflon asaseal. The Teflon was effective because it didn’t react with
the solvent. | wrote a description of the cell’s design that was published in the November 1951
issue of the Review of Scientific Instruments (4).

Paul Wilks and Van Zandt Williams hadn’t shown an interest in the Model 21 during
that time period. Regardless, order requests for the instrument became so numerous that |
personally had to handle some of the calls from customers who were wondering when we could
deliver aninstrument. During that time period, | was personally assembling and testing about
one Model 21 amonth. Monthly order requests for the unit amounted to around five or seven
units. Eventually, | went directly to Richard Perkin and convinced him to expand the factory for
Model 21 production. | was slightly intimidated because it was my first direct meeting with
him, but we were overwhelmed with orders and something had to be done. Though | came off
as naive, he was attentive to my proposal. When | suggested the possibility of one-hundred
orders per year, the managers realized the instrument could become their biggest seller. At the
behest of Richard Perkin, who overrode the objections of others, my request was approved, and
Perkin-Elmer dominated the IR spectrometer market for years thereafter.

| worked with the manufacturing and purchasing departments to formul ate a plan for
efficiently making and testing the instrument. | was very involved in the manufacture of the
Model 21 during that period. After afew years, Perkin-EImer’s cost analysts realized that the
Model 21’ s selling price was fifteen-thousand dollars, but the building price was less than four-
thousand dollars. Thelarge profit margin helped turn Perkin-Elmer in to a major manufacturer
of analytical instruments, rivaling Beckman Instruments [Inc.], and other manufacturers.

BROCK: Were you tracking the customer’s need to develop new accessories, or were you
dreaming up the new accessories and then finding the customers?

COATES: I think that Van Williams received telephone calls from prospective customers. He
frequently came to me with customers’ requests. He told me what the customer wanted to use
the instrument for, and then | designed the accessory as needed. Most designs had been created
with the requests of only one customer in mind, but they usually became valuable for other
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consumers, too. Asa25-year old with such an opportunity, | took advantage of my situation. It
was extremely exciting and interesting; and | learned alot about spectroscopy design and the
general management of new productsin that field.

There are some other things I might mention. John White incorporated the Model 12's
monochromator in his design for the original Model 21. Perkin-Elmer’s optical engineers had
earlier designed a number of crystal prismsto fit into that monochromator. Each prism had a
different, useful wavelength range and performance. The basic prism for most users was the
NaCl [sodium chloride] prism. NaCl was hygroscopic: it fogged-up at room temperature
because of atmospheric water vapor. | later added a heater to the Model 21’ s base, to maintain
itstemperature at 110 degrees F. The heater solved that expensive problem by keeping water
from condensing on the prism’s surface. It even worked in humid climates. Each prism was
stored in a clean, desiccated container. John White had wanted replaceable prisms in the Model
21, but the instrument’ s complex cam system, and the el ectronics system’s original design made
the exchange of IR prisms extremely time-consuming. One would have had to disassemble the
complex cam system, and its required mechanisms, and insert new electronic partsto use the IR
prisms, al while preserving each prism’s standardized, linear-wavelength recording on the
paper chart.

| soon realized that the promise White and Liston had made to our customers concerning
aconvenient prism-exchange system was basically unachievable. In 1951, when | examined the
early design of the Model 21, | concluded that the monochromator-prism exchange was flawed
and needed to be redesigned. | took the old assembly and replaced it with a separate,
interchangeable unit that mounted the prism, the wavelength cam, the optics, the mechanical
parts, and the electronic parts on to asingle frame. The unit was designed to be plugged in to
the base reproducibly. Further, it had alift-out handle and plug-in connectors for the
electronics. Thus, one could simply take the device out, replace it with another one, and be back
in operation in afew minutes.

The prism-interchange unit, asit was called, solved the interchange problem that would
have greatly limited sales of the original Model 21. With the release of the interchange unit to
production, we had finally fulfilled the advertised concept of a versatile system with wide-
ranging performance. The prism-interchange unit not only made the Model 21 more
convenient, it also expanded the spectral coverage of the Model 21 to include the visible range,
out to 50 microns. Though | had held-up the production of the Model 21 until | finished the
unit, much to the chagrin of both manufacturers and customers, the wait was much needed, and
well worth it.

As aresult of those necessary improvements, Perkin-Elmer’ s sales amounted to about 90
percent of the spectrophotometer market by 1954. There were other companies manufacturing
IR instruments, including Beckman Instruments, and Baird Atomic [Inc.] in Boston, but our
instruments sold better because we could demonstrate their wide-ranging performance, host of
accessories, and better reliability compared to our competitors.
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In early 1960, Beckman Instruments announced its plans to show the world thefirst IR
instrument with a diffraction-grating monochromator system for higher resolution and wide-
range scanning of spectra. Their advertisement implied that customers were to be left with
prism systems that were poor in comparison to their new technology: Beckman Instrument’s
ads asserted a better resolution of absorption bands, and awider range than all previously
designed instruments.

By that time period [1959-1961], | was the director of research for the division of
international operations. Further, | had turned engineering work for the Model 21 over to other
engineers. However, Beckman Instrument’ s diffraction-grating instrument frightened those
engineers because they thought a competitive Perkin-Elmer instrument would take two years to
complete. Alarmed, the engineers came to me with fears over losing our market.

As| thought about the situation, | realized a possible solution. | remembered when |
ran the applications-engineering group [and was head of the special-engineering division], |
designed several kinds of special-instrument systems. For example, | made UV [ultraviolet]
spectrophotometers, fluorescence-measurement systems, et cetera. One specia project involved
the replacement of the Model 12C prism with a diffraction grating; a project that led to our
acquisition of many low-cost, replica diffraction gratings. Therefore, | went to our lab and
bonded one of those diffraction gratings to a specular-reflectance attachment that | had designed
years earlier for the Model 21. Then, | measured the reflectivity of that grating at normal
incidence, over wavelengths from 2.5 to 15 microns. In the 6 to 15 micron range, the
reflectivity approached 100 percent, meaning the diffraction grating could replace the Littrow
mirror that worked with the NaCl prism at long wavelengths. Further, the diffraction grating
could be repositioned to rotate over anormal grating angle for short wavelengths, permitting it
to resolve the high-resolution pesks from 2.5 to 6.5 microns; aregion where the NaCl prism
alone, from the original Model 21, offered poor spectral separation.

Asaresult of those tests, the prism-grating-interchange unit was born. The interchange
unit could be used with both new and old instruments as a modest-cost upgrade. The
modification retained the standard scan for the existing chart paper, while also producing a
competitive, high-resolution scan that was acceptable to al users of the Model 21.

Alternatively, Beckman Instrument’s IR spectrophotometer had a chart-scanning method that
was very inconvenient and not standardized.

I had conducted the prism-grating-interchange unit experiment in January, and two
months later we introduced the redesigned instrument at the Pittsburgh Conference, to compete
with the Beckman Instrument’s model shown at the same time.

Perkin-Elmer’s Tom Flynn designed the production system that was shipped several
months later. | don’t think Beckman received many orders for their new design because our
system was superior to theirs right out of the box. | was very pleased with the work | had done
saving my old friend, the Model 21, and giving al customersabig lift in capability at modest
cost.
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A year later, Perkin-Elmer introduced the Model 221 spectrophotometer, which had
diffraction gratings with an optical-filter system. The instrument didn’t requireaprism. If I'm
not mistaken, Walter Slavin was involved in part of that design.

By 1955, Perkin-Elmer had been studying many applications for its gas chromatography
products. | hired Nathaniel Brenner to work in that field. Incidentally, many years later,
Brenner became the corporate planning vice president for Beckman Instruments.

BROCK: Why weren't Van Williams or Paul Wilks interested in the Model 217

COATES: | believein those days they thought that the future of IR spectrophotometry lay in
the quantitative analysis of chemical components. | have kept in contact with Paul Wilks, and
he remains interested in products for quantitative analysiswith IR. Over the years, he's built a
number of different instruments that perform useful measurements of components’
concentrations in solution using IR-quantitative analysis.

There was a grand battle at Perkin-Elmer between those of us who thought the Model 21
was the right product at the right time, and those who disagreed. The Model 21 had found a
niche market for chemical identification of substances.

In 1953, there was a respected professor at Columbia University named Ralph S.
Halford, who had a graduate student named Abe Savitzky. Together, they had designed an
attachment to the Model 12C that alowed it to produce percent-transmission spectra without
background atmospheric absorption; in essence, making it operate like a double-beam
spectrophotometer. They published a paper describing their modifications (5).

Their system required seemingly simple modifications of the Model 12C to incorporate a
segmented-beam chopper after the IR-Globar source, and before the entrance slit. First, a 90-
degree segment chopped the beam focused on the top half of the monochromator-entrance dlit.
Then, a second 90-degree segment compared the beam to the bottom of the entrance dlit, with
alternate blank-cutoffs in the rotating chopper blade. | was asked to duplicate their design,
which | did. It depended on a precise, € ectronic-switching mechanism attached to the
chopper’ s shaft. The mechanism was synchronized at exactly 90 degrees to sense the difference
between the sample signal [dlit top] and the reference signal [dlit bottom]. Theratio of those
signals was then plotted as percent-transmittance on a strip-chart recorder as the Littrow mirror
was scanned by amotor. The existing liquid and gas cells could not be adapted easily to accept
the unusual dlit chopping of the beam. Nonetheless, Van Zandt Williams became very
interested in the design, and around 1954, he hired Abe Savitzky to design it as a new product.

By 1954, | was still working aone in the engineering department, busily expanding the
Model 21'sdesign features. Others hadn’t appreciated the numerous new capabilities | had
added to the Model 21, but they had already decided that the design as conceived by White and
Liston was insufficient. They did not realize that | had attacked the weaknesses of the White-
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Liston concept and redesigned it to achieve auseful, new, and quite different Model 21 product
with arange of sampling accessories.

They considered a program to adapt the Halford-Savitzky spectrophotometer to the
Model 12C. They started the project by asking me to duplicate the Halford-Savitzky
spectrophotometer as originaly conceived. | accommodated them. It revea ed the weakness of
that approach in terms of the small sample cell’ s split design. Undaunted, Perkin-Elmer hired
numerous engineers to design the system as a new double-beam-IR spectrophotometer called
the Model 13. The model number was prophetic, because they had alot of bad luck with the
instrument. Savitsky’s group worked on the instrument for two years before the prototype was
completed. They designed a new front-end chopper to accommodate standard sample cdlls.
They added many other features as well, and what had started as a simple upgrade of the Model
12C became an expensive and complex instrument.

Meanwhile, the sales of the Model 21 and its accessories were booming. 1t was a useful,
acceptable system. Ironically, as| supported the Model 21 and the development of its
accessories, Van Zandt Williams was pushing the Model 13 because he thought it would soon
replace the Model 21. However, testing of the Model 13’ s basic performance revealed that it
didn’'t perform up to the specifications that many customers needed. It had very complicated
electronics, noisy spectral data, few accessories, and an inconvenient, non-linear chart. The
Model 21, was very reliable, and therefore was always available for work. A Model 13
prototype was built and shown to customers, but it never went into production. When the tests
were completed, Van Zandt Williams cancelled the project.

| became interested in the discontinued Model 13 about a year later. | thought that it
might still be auseful tool. | thought of it as a universal, wide-spectral-range UV-to-IR [though,
not only IR] spectrophotometer. My redesign of the Model 13 vindicated the excellent, wide-
range design of Richard Kinnaird, and others from the 1940s. | used the quartz prisminit to run
spectra of the UV-Vis-NIR [Ultraviolet-Visible-Near-infrared] portion of the spectrum; from
220 nanometers out to 2000 nanometers. Then, | substituted a NaCl prism to run a spectrum
from 2 micronsto 15 microns. Next, | installed a KBr [potassium bromide] prism to plot a
spectrum out to 25 microns. Asaresult, it became the world’s only double-beam
spectrophotometer that could scan both UV and IR spectra. It took full advantage of the years
of work on to the Model 12C’sdesign. | made many particular design modifications, such as
designing away to flip the mirrors that put the UV source, tungsten-lamp visible-range source,
and the IR source in-and-out. The various prisms and detectors available, like the
photomultiplier, lead-sulfide cell, and standard thermocouple, also flipped in and out. The
instrument took advantage of everything available. Later, the Mode 85 IR microscope
attachment was added to the Model 13, making it a universal system for micro or macro work.

BROCK: Did the instrument have three prismsin it, or did one have to swap them out?
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COATES: It was designed to allow the easy removal and installation of all the prisms. It was
not alinear wavelength, spectrum-presentation system; rather, it employed an arbitrary, though
reproducible, spectral-chart scan, which was one of the biggest drawbacks of the Model 12C
and the Modd 13. | introduced the Model 13U severd years after the Model 13's origina
development, and it worked out quite well. 1t didn’t have the ssmple, standardized operation, or
the numerous accessories of the Model 21, but the M13U Universal Spectrophotometer was
quite useful for scientists working on semiconductors, € ectronic devices, new light sources, and
other physics and optics programs. The Model 21 had been directed to customers doing IR
studies within chemistry and chemical structures, so it wasn't used for physics and optics
programs very often.

The Model 13U became quite popular for physicistsin Europefirst. It later became
popular in the U.S. asour U.S. sales guys realized its value to particular customers. | think
Perkin-Elmer sold over one hundred of the Model 13U spectrophotometers.

So that’ s the story of my ironic participation in the development of the Model 13U. |
gained alot of experiencein UV spectrophotometry by doing work on the Model 13U, and by
taking advantage of the work others had done on the unsuccessful Model 13. | learned about
sources, detector characteristics, prisms, and all of the interesting work and results that are used
in UV technology. I’ve drawn on much of that experience in my current company, Nanometrics
[Inc.].

In 1951, several scientists asked Van Zandt Williams to design an IR microscope as an
attachment to the Model 12C. He requested adesign from Abe Offner. He was one of the
optical designers at Perkin-Elmer who later became famous for his unique design of the Perkin-
Elmer Micralign system for accurate, integrated-circuit lithography. Offner studied the IR
microscope literature and developed an al-reflecting lens, optical-design attachment. Then,
Van Williams informed him that | was assigned to do the mechanical and systems designing of
the microscope. After he had finished the optical design, Offner gave me the proposed optical
diagram.

When | received Offner’sdesign, | found that it was quite complicated. A user was
required to insert amirror to catch the light coming through the final dlit of the monochromator.
The light reflected through alarge microscope-condenser lens and then through a small sample
holder. Next, the light was focused through an objective lens, and directed to some mirrors that
sent it back to the original thermocouple detector installed on the Model 12C. Using one
detector was intended to reduce manufacturing cost.

| designed my microscope-lens mounts using Abe Offner’ s origina design, but, when |
tested the prototype, | couldn’t make the instrument offer a sufficient signal to be useful; | could
only get about 5 percent of the original signal through the system, which wasn’t enough to be
used with tiny microscope samples. We were about to junk the project when | came up with
another idea. | suggested that we simplify the optics by installing another detector in the
microscope. | designed a second, high sensitivity, small-target detector in my prototype system,
placed at the magnified image after the objective lens where the beam was focused to visualize
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the microscopic area. Theinstrument also had an eyepiece at that location. We had about 50 to
60 percent of the signal, which was useful. The prototype worked well with improved signal,
and | recorded many spectra of various micro-samples using the microscope attachment on a
Model 12C. Thisfina concept of our joint design was given to George Brueske, who was a
designer of astronomical telescopes for Perkin-Elmer. He had designed a number of the world's
great telescopes using Perkin-Elmer’ s optics.

Brueske was asked to do the production design of the microscope system because he
had created the origina stylish designs of the parts for the Modd 12. We knew it pretty well.
He sent us some drawings, and then | built the Model 85 IR microscope attachment; the world's
first commercially-designed microscope accessory for the IR spectrophotometer. Afterwards, |
was hoping that my next job would be to build a microscope accessory for the double-beam
Model 21 spectrophotometer, which many thought was impossible.

For the testing of the Model 85 microscope’s final version, | worked with a new
engineer, named Dr. Horace Seigler. He was an excellent physicist and he knew IR
spectroscopy well. He came from Johns Hopkins University.

[END OF TAPE, SIDE 2]

COATES:. Horace Seigler thought of building a micro-attachment for the Model 21. It would
be used for very small samples and would reduce the sample beam to about 1 millimeter in
diameter using apair of ellipsoidal mirrors. That micro-attachment became the standard micro-
sampling attachment for the Model 21, and it sold well, again extending its utility. | didn’t
consider it to be a true microscope because it didn’t allow microscopic manipulation or viewing
of specific sample areas. So, the Model 21 never had a “true” microscope attachment.

During the 1980s, some 27 years after | worked on the Model 85 IR microscope
attachment [which Perkin-Elmer no longer made], | completed anew IR microscope design Its
design led to the first complete IR spectrophotometer with diffraction-limited microscope
samples. There were no others. It was a stand aone, complete IR microscope called the
NanoSpec 20-IR, which Nanometrics sold successfully to both industrial and research labs. The
instrument included a series of four matching and all-reflecting microscope lenses. Onelens
focused an IR source [the Nernst glower like the Model 21] onto a variable aperture, and then
up to amatched-condenser lens that focused on the sample. There was aso a matched, 15X-
objective lens, and a final lens that focused on the tiny target of aLN [liquid nitrogen]-cooled,
mercury-cadmium-telluride detector, which was sensitive from 2.5 to 14.5 microns. It wasa
chopped beam, low-noise system that obtained spectra from true, diffraction-limited samples, to
less than 20 microns in diameter at the longest wavelength. The matched lenses conserved the
signal, and the Nernst glower source was bright enough illuminate samplesin the visible range,
permitting a user to see them through aviewer eyepiece. It was an exact imager.
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By the end of the 1950s, my redesigned Model 21 was more or less finished, including
several of the prism-interchange units that | had designed. We had many accessories built for
the Model 21 that were very useful for all areas of organic chemistry. The big market for IR
was the identification of chemicals; the recording and comparison of an unknown materia’s
spectrato determine its composition. The Model 21 was also quantitatively accurate in
transmittance over awide range of compositions, and was often used that way. Itsmain
strength was its ability to take a large variety of chemicals and obtain their spectra, and then
compare them. Scientists could compare them with spectra of known substances for
identification. Thefiling of spectral cata ogs of chemicals built up for along period of timein
laboratories all over the world. The Sadtler Research Labs [Inc.] collected many, reasonably
related pure spectrain published books to aid in identification (6).

In the 1950s, a bright young man named Norman Colthup, who worked at American
Cyanamid, compared and correlated the absorption spectra of certain chemical structures. For
example, he compared the expected IR wavel engths of sulfonated or carbonated chemical
groups, and so forth. He then created a specia chart, known as the Colthup Chart, to useas a
guide for classifying chemical structures. A scientist would then compare the spectral peaks of
an unknown with those on the chart to determine what type of compound he was analyzing.
The Colthup Chart was one of the important contributions of the 1950s for IR spectroscopists,
and expanded versions are in wide use still today.

BROCK: Were you in charge of establishing the production and sales operations for the Model
21?

COATES: To acertain extent, yes. One of the things that bothered me about the Model 21
program was that Van Zandt Williams and Paul Wilks were not interested in it, even though we
were receiving numerous requests for descriptive information on the instrument. Later, | got
involved in helping sales. | contacted customersin the Eastern United States and agreed to run
spectrafor them. | also trained salesmen. My work helped push the Model 21 along. Richard
Perkin was interested in astronomy, Van Zandt Williams was interested in the Model 12C;
which is why he wanted the microscope accessory, and Paul Wilks was his salesman. 1n 1952, |
was the only one in the company that was paying serious attention to the Model 21. Wehad a
meeting with Richard Perkin, during which | said, “I’m not asalesman. I’m just ayoung,
inexperienced engineer. But it seemsto methat if we made them, we could sell at |east five
Model 21’samonth, instead of just one. It seemsto me the instrument could be very
profitable.” Perkin said, “Vince, | think you've got theright idea!” Then, he authorized the
establishment of a production line, parts, floor space, et cetera, for the Model 21, and he ordered
the purchase of necessary parts. Luckily, my work at Chance-Vought had taught me how to
organize standardized production.

Next, | helped establish a sales organization that would make my sales estimate aredlity.
| trained a number of people and went from there. The transition in 1958 to the grating design
was a big event that further increased the sdles. The Model 21’'s many new accessories also
increased salesto different scientific fields, such as air pollution, biology, biochemistry, general
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chemistry, pharmaceutical studies, and the petroleum industry. All areas of organic chemistry
were of interest. From 1952 to 1990, | think we sold about seven or eight-thousand units. The
Perkin-Elmer astronomy and optics division made some money, but they often did not estimate
the costs very well. Perkin-Elmer was selling about one Model 12C a month, and in the early
1950's, Paul Wilks was very busy running that part of the business. Paul Wilksand Van
Williams continued to market the Model 12C for quantitative measurements. They thought that
was going to be the future of IR. To me, they had underestimated the customers’ need to
identify various chemical species and perform quantitative analyses.

From 1948 thru 1950, John White also asked me to redesign some of the other Perkin-
Elmer products that had design flaws. One of the instruments was the M52 flame photometer,
which had been sold to clinical labs to measure the sodium and potassium levelsin blood. The
instrument was not unreliable, so | redesigned its optical mounts to improve its stability.
Perkin-Elmer sold the instrument for several years, until Beckman Instruments introduced a
more precise and sensitive unit for the Model DU. Perkin-Elmer had introduced the Tiselius
Electrophoresis System in 1948. It was atable-top instrument designed by John White that was
mechanically unstable. White asked me to redesign the mechanics of that instrument as well. |
did, and it seemed to work well afterwards. Those fields seemed to languish because there was
no emphasis on customers. Regardless, after John White | eft, those products for biology were
neglected and soon disappeared. Van Williams had no interest in pursuing them.

Thework | did in mass spectrometry and NMR [Nuclear Magnetic Resonance] reveals a
similar story. Perkin-Elmer designed a mass spectrometer around 1964, which died because it
lacked marketing attention. | went to Japan to participate in ajoint venture with Hitachi; to sell
Hitachi instrumentsin the United States. From 1962 through 1969, | was heavily involved in
that business with Hitachi, which included el ectron microscopes and mass spectrometers. | also
worked with the joint company, Hitachi/Perkin-Elmer Limited [HIPE], and oversaw the design
of adiffraction-grating based, UV table-top system made by Hitachi and designed to compete
with the Beckman Model DU. The principle designer at HIPE was Dr. Koroku Nakamura, or
“Roku-San,” who was a close friend of mine and an expert in optics. He was a mgjor designer
of numerous optical instruments at Hitachi Naka Works during the 1960’'s. He and | worked
together to apply the first Perkin-Elmer replicated, fine-line diffraction gratings to the HIPE-UV
design. Called the Model 139, the very successful unit was first introduced in the United States
in 1964. It was sold by Coleman Instruments, which was acquired by Perkin-Elmer asa
Chicago subsidiary. Since the 1930’s, Coleman Instruments had been afierce competitor with
Beckman Instruments, and the battle over UV-Vis spectrometers was a magjor one. From 1964
to 1970, Coleman sold over one-thousand Model 139's, considerably disrupting Beckman
Instrument’ straditional foothold in that market. Perkin-Elmer aso found success with its UV-
instrument sales in Europe.

The Hitachi mass spectrometer, which | first saw in 1961, was designed by a brilliant
engineer at Hitachi named Dr. Tomatsu Noda. During the 1950’s, most mass spectrometersin
the United States had been manufactured by the Consolidated Electrodynamics Company
[CEC], based in Pasadena, California. Their instrument’s design had come out of the Manhattan
Project. However, they had designed it to quantitatively analyze petroleum samples only. No
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one had thought much of applying mass spectrometry to the elucidation of chemical structures.
After seeing Tom Noda’' s mass spectrometer, | obtained awritten description of the Hitachi
system. My job wasto find a market for it. | knew that Consolidated Electrodynamics had 100
percent of the U.S. market, so it was going to be a tough road. [laughter]

Shortly thereafter, while studying the mass spectrometer field, | found a paper written by
Professor Klaus Biemann, of MIT [Massachusetts Institute of Technology]. | went to visit him
with acopy of the report from Hitachi. When | showed him Noda s mass spectrometer design,
he nearly fell off hisseat. He told me the Hitachi mass spectrometer was exactly what he
needed. Further, he said it was superior to CEC’sdesign. He pointed out that nobody in the
U.S. was analyzing chemical structures with mass spectrometry. The resolution of CEC’s mass
spectrometer was blurry because it couldn’t separate masses above 200 amu [atomic mass
units]. Nobody cared about the resolution because the instrument was designed for the
guantitative analysis of low-mass petrochemicals, like natural gas. Alternatively, Tom Noda
designed his mass spectrometer to scan the magnetic field using a constant-accel erating voltage,
which allowed the user to resolve beyond 1000 amu.

Biemann said, “This is the perfect machine for chemical structure elucidation because |
could scan with unit-mass resolution past 1000 amu. When can | get one?’ Surprised, | said,
“I’ll order one and bring it to Perkin-Elmer. Then, you can examine it and tell meif it'sany
good.”

During that time period, | was also in charge of Hitachi’s electron microscope program.
Hence, | had the task of introducing both Hitachi electron microscopes and mass spectrometers
to the U.S. When | brought the Hitachi mass spectrometer in to the U.S., | needed help from
someone who had experiencein thefield. Therefore, I hired Dr. Al Struck, from American
Cyanamid, because he had experience working with CEC’ s mass spectrometers, and he knew
thefield very well. While | was busy setting up the U.S. sales organization for the Hitachi
electron microscopes [we eventually sold mass spectrometers from there], the Hitachi mass
spectrometer that | had ordered from Japan arrived. Tom Noda came to Connecticut to set up
the instrument, and he ended up staying for six months.

I remember the day Klaus Biemann was to test the instrument. After we had got the
instrument running, | said, “It would be interesting to attach a gas chromatograph to the mass
spectrometer, and then use it to identify the gases as the chromatograph separated them.” They
thought that was pretty good idea. Then, someone redlized that the scan time of the mass
spectrum, as set up by Tom Noda, was about 15 minutes per spectrum. | said, “ That’s pretty
slow. These peaks are coming out of the gas chromatograph in only afew seconds.” So we
discarded the idea.

Several days later, Al Struck was scanning some standard compounds to identify the
parameters of the Hitachi system. We'd bought the latest and greatest Honeywell fast-chart
recorder, and | was there watching it work. | noticed the magnetic field would go up, and run
quickly back down again, every time we ran a mass spectrum. When it came back down, it was
ready to go again. | asked Struck, “How fast can we expand that chart?” He responded, “What
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do you want to do that for?’ | replied, “Let’stake alook at what happens when we scan
backwards on thisthing.” Sure enough, we obtained nearly the same mass spectrum scanning
backwards, quickly, aswe did scanning forward, slowly. Tom Noda, being very conservative,
had made the forward scan very slow to increase the instruments accuracy, but it took only two
seconds to scan backwards. With that in mind, | hooked the gas chromatograph up to the
machine’ s mass spectrometer and scanned each separated component backwards. Asthe
resulting scan emerged from the gas chromatograph, it showed a mass spectrum of very low
sample concentrations. Thus, we had made the world’ s first combination gas
chromatograph/mass spectrometer [GC/MS]. Those instruments are now the standard anal ytical
tools for analyzing complex mixtures and identifying each component. Further, the assembly of
multiple in-line-separating systems with multiple in-line mass spectrometersis presently a
proven method.

BROCK: What year did you do that?

COATES: Itwasin 1962. In 2003, two scientists won the Nobel Prize for mass spectrometry.
One of them was John [B.] Fenn, from Y ale [University]. | met him a couple months ago and
told him about making the first mass spectrum from a gas chromatograph. He had |later done the
first mass spectra from liquid chromatographs. By that time, the GC/MS was being used
worldwide, so he was interested that | had been the first to make one of those instruments work.

| never published a paper or anything. | just showed it to Klaus Biemann when he visited us at
the Perkin-Elmer Corporation; he had been very excited. Then we shipped that instrument to
MIT. Later, Biemann refined the GC/M S and published some of the definitive papers (7).

Biemann’ sinstrument was a one-off system. He published some papers of hiswork with
the instrument (8), and soon after, Perkin-Elmer started selling GC/MS's. Within a couple
years, we had 75 percent of the market. Further, CEC |eft the business because GC analysis of
petroleum fractions was considered better than mass-spectrometer analysis alone. The Hitachi
mass spectrometers were beautiful machines. Anything that came from Japan after World War
I had been dubbed “ Japanese junk,” so we had a heck of atime getting people interested.
However, by providing good service, we broke through.

During that time period, we brought in some electron microscope experts who were
faithful users of Siemens' s[AG] and Phillips s [Royal Philips Electronics] electron
microscopes. After using Hitachi’ s instrument, they discovered its resolution of specimens
small features was two or three times superior to Siemens’s and Philips's microscopes. Further,
they got superior pictures of biological and other materias. Afterward, the experts published
papers showing new images that created a great interest in the product. Three or four years
later, RCA [Radio Corporation of America] gave up and left the el ectron-microscope business
that they had started in the 1940s. Siemens also stopped selling el ectron microscopes in the mid
60’ s because Hitachi’ s microscope had superior optics that showed finer details. To this day,
Hitachi is one of the world’ s largest producers of electron microscopes. | wastold by the
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president of Hitachi that they invested heavily in scientific-instrument design to enhance their
reputation in all areas.

BROCK: How did adeal between Hitachi and Perkin-Elmer materializein 19617

COATES: The general manager of Hitachi’s instrument-manufacturing plant, Dr. 1sao Makino,
went directly from Japan to Perkin-Elmer to visit Richard Perkin. He was a Japanese

busi nessman who spoke practically no English, but liked direct action. Without making an
appointment with Perkin, he simply showed up in the lobby one day to make a deal. [laughter]
We found out who he was when one of our employees, | think, eventually went down to the
lobby to chat with him. Dr. Makino’' s appearance was interesting enough for Van Zandt
Williams, Perkin-Elmer’ s the senior vice president, so he invited Dr. Makino up to his office.
They had a meeting, one thing led to another, and about a year later the contract was signed. Dr.
Makino is one of the post-war heroes of Hitachi’sindustrial growth. Almost single-handedly,
Dr. Makino created their scientific-instruments business as a broad effort.

The president of Perkin-Elmer, Bob [Robert E.] Lewis, gave me the assignment of
determining whether the Hitachi instrumentation was any good. To my surprise, | was
impressed by alot of things | found in Japan. They had been building copies of the Model 21
IR spectrophotometer that were dead on. They had copies of a number of other U.S. products,
but their mass spectrometers and the el ectron microscopes were unique designs that were done
by very clever researchers. Don't let anybody tell you that the Japanese are not creative,
because they are, as we know from their cars and so forth. From 1962 to 1970, | was put in
charge of selling the major Japanese products throughout the world in a new organization that
ran parallel to the Perkin-Elmer structure. It was an interesting job, and another aspect of my
education in the instrument business.

It was around 1964, while | was working with Hitachi, that | first met Alfred [O. C.]
Nier at the University of Minnesota. He was a scientist who had contributed greatly to the
Manhattan Project during World War Il. In 1964, he was researching mass spectrometry at the
University of Minnesota. | had goneto visit him because | learned he had built asmall, high-
performance mass spectrometer that he used for hisresearch. After my visit, | got Perkin-Elmer
to license his instrument and hire him aconsultant. Then, in 1965, Nier and others started a
project to design the Perkin-Elmer small, double-focusing-mass spectrometer [Model 270] for
chemical analysis. Though Perkin-Elmer's contract stipulated that they and Hitachi could trade
products back and forth, Hitachi was threatened by the Model 270 project. Asit turned out,
they didn’t want Perkin-Elmer to develop its own mass spectrometers.

Our sales group sold the Hitachi mass spectrometers, and the Model 270 was just an
additional product to sell. Interestingly, a Perkin-EIlmer engineer working on the Model 270
project chose avacuum-pump oil for the instrument, which, though efficient, superimposed a
tremendous background of interfering peaks that hid the sample mass peaks users were trying to
analyze. It wasadesign flaw that killed the Model 270. We just couldn’t get the engineer to
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change ails. [laughter] Again, the problem had been caused by internal politics and poor
communication.

When | left Perkin-Elmer in 1969, their business rel ationship with Hitachi was faling
apart. | think it finaly died around 1972 because nobody at Perkin-Elmer was able to carry the
torch for either the mass spectrometers or the electron microscopes. Asaresult, Hitachi no
longer had a U.S. sales organization. Coleman’s Model 139 UV Spectrometer sales had also
decreased. Inthe 1980’s, Hitachi increased its exports of electron microscopes again. By that
time, JEOL [Japan Electron Optics Laboratory] had developed a competitive mass spectrometer,
as had Shimadzu [Corporation], so Hitachi lost its U.S. business. Hitachi and Perkin-Elmer had
held about 80 percent of the mass-spectrometer businessin 1969; but 5 years later they had only
about 5 percent. Similarly, they had controlled 75 percent of the el ectron-microscope business
in the United States; whereas, 5 years later Hitachi controlled only about 10 percent. However,
Hitachi’ s business finally came back in later years as they aggressively pursued semiconductor
manufacturing and introduced new models.

In 1968, | left Connecticut to run the Hitachi’ s program and engage in new-product
development in Northern California. | moved my family to California, as well. Perkin-Elmer
had recently acquired a vacuum-pump company in Mountain View, California, called Ultek. It
was thought that products employing vacuum systems could be important. | took the position at
Perkin-Elmer-Ultek to concentrate on instrument sales and new designs.

BROCK: So you moved out to Californiato run the Hitachi relationship with Perkin-Elmer?

COATES:. Yes. | wasavice president of HIPE, in charge of the electron-microscope products.
My work for Perkin-Elmer in Californiais an interesting story. While | had been selling
electron microscopes in Connecticut in mid-1960s, | visited the University of Chicago to meet
Professor Albert Crew; a professor who had developed anew kind of electron microscope. Dr.
Crew was adistinguished physicist and the head of the Argonne National Laboratory. He
received research funds from the government, so as a side project, he built a new kind of
electron microscope, which, as he told me, he had thought of on an airplane trip severa years
earlier. He thought his microscope could be better than existing electron microscopesin all
aspects, and he already demonstrated a much better resolution that the previous scanning-
electron microscopes [SEM] of that time period. He named it the field-emission SEM [Field
Emission Scanning Electron Microscope, FESEM]. It became the design of choice for highest
performance.

Dr. Crew was a charming guy, and we got along very well. He permitted Perkin-Elmer
to license hisdesign. | informed Chester [W.] Nimitz, Jr., president of Perkin-Elmer, of the new
electron-microscope concept. He thought it was an interesting direction for the company to
take. Hence, amgor reason for my moving to Californiawas to start the FESEM project at
Ultek, and to finance it with el ectron-microscope sales.
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In California, | hired an engineering team and we began to design aworking model. |
brought in Al Crew’s chief engineer, Len Welter, and he became my chief engineer for the
project. In 1969, after a brief development period, we built aworking model and produced
micrographs with it in record time.

[END OF TAPE, SIDE 3]

COATES: When Hitachi heard that we were working on the FESEM project, they notified
Chester Nimitz [Jr.] that they would cancel their contract with Perkin-Elmer if we continued to
design our own electron microscopes and mass spectrometers. Asaresult, Horace [G.]
McDonell, the senior vice-president of Perkin-Elmer, came out to Californiaand said to me,
“Vince, we want you to go back to Norwalk. We're canceling our € ectron-microscope program
and the mass-spectrometer program.” | retorted, “Y ou’ ve got to be kidding!” Hereplied, “No,
I’m not. The Hitachi business dedl is very profitable, and we're going to stick with it.” | said,
“But | built the FESEM business up, and it offers new long-term directions for Perkin-Elmer.”
He responded, “I know, but we can’t afford to lose Hitachi.” So | said, “I quit.” | left Perkin-
Elmer at the end of 1969, went to my home in Los Altos, and started thinking about my next
step. The HIPE joint venture died in 1972.

Len Welter came to see me and said, “We know how to build the new microscope now,
and we know it'sagreat instrument. So let’s start acompany and build it.” | thought it was a
good idea, so that’s how we started the Coates & Welter Instrument Corporation [CWIC]. In
1971, we designed and introduced the world’ s first commercial FESEM, operating with many
new features. In addition, we patented several ideas that are now standard for all SEMs. One of
the features, called the low-voltage SEM, allows users to take pictures without damaging the
specimen by using very low accelerating voltage electrons. Nevertheless, the SEM takes
excellent, high-magnification pictures. Specimens weren’t damaged by such low voltages, so a
user could measure structures and take inspection-pictures of integrated-circuits without
damaging them. It became very useful in biology. Actualy, | won an award from the
Semiconductor Manufacturing Association for having invented part of the low-voltage SEM.
When Nanometrics acquired CWIC in 1979, we redesigned the low-voltage SEM for
semiconductor microscopy.

In any event, CWIC was a nice business but we soon ran short of money! [laughter]
Then, the American Optical Corporation [AO] came aong with a good offer for our business
and bought us out completely. For several more years, | worked at building the business with
AO, and when | left, Len Welter became president of the company. American Optical
continued the Coates & Welter Instrument Company and its SEM program, which turned out to
be quite a unique and special business.

In 1970, to appease Hitachi, Horace McDonell gave them lock, stock and barrel, the

engineering design and prototype work that we had done at Ultek. Hitachi then proceeded to
build low-voltage FESEMSs, which became a billion-dollar business for them during the 1990’s.

23



Nanometrics was too small, without enough engineers or money to compete. A huge company
like Hitachi thus ended up making two-hundred-fifty-million dollars a year selling FESEM’sto
the semiconductor industry. Those microscope systems became one of the most important
products for inspecting and measuring integrated circuits. Anyway, | was involved in that
project and it was areadlly terrific experience. 1’d got away from IR by that time. [laughter]

After CWIC was bought-out by American Optical, | became disenchanted with working
for very conservative people. 1n 1975, | decided to start another company, which | named
Nanometrics, Inc. Working alone at home, | sat down at my drawing board and spent a year
designing what became the NanoSpec; a Spectrophotometer attached to a microscope. It has
become quite a successful product. We' ve sold more than five-thousand units, about the same
number of sales as the original Perkin-Elmer Model 21. I’ve had a very successful company,
and | am proud that | designed it all from scratch. Along the way, | discovered that the
NanoSpec has alot of applications; such as measuring the film thickness of integrated circuits
and flat-panel displays. It has some biological and crime-lab applications, also, but those have
not been very big markets.

That’s my career up to this point. | am still deeply involved with new concepts, new
products, and product design; the lattermost being my greatest love and what | like to do more
than anything. | should mention that | also designed an |R-spectrometer microscope at
Nanometricsin 1980, called the NanoSpec 20-IR. | did so after | learned that Perkin-Elmer had
stopped making my Model 85 and nobody else had one. It was Nanometrics first commercial-
IR product. There was a hidden market for a microscope that could identify extremely small
samples seen in amicroscope. Later, anumber of companies added |R-microscope attachments
to FT-IR [Fourier Transform-IR]. So that’s become kind of a standard product for the chemical
industry today. | guess| led the way.

BROCK: You were the manager of Perkin-Elmer’ s applications-engineering department from
1955 to 1959. How did applications engineering fit into the entire Perkin-Elmer landscape?
What was its relationship to marketing and product devel opment?

COATES: Before 1955, | concentrated entirely on the Model 21 program and the devel opment
of its accessories and design. Then, when | got involved in helping sales, | had to setup a Model
21 demonstration lab that | could use to demonstrate the performance of our product to
prospective customers. Some of our customers' samples were quite unusual, so the
demonstration lab evolved in to a new, applications-research lab. Then, in 1953, Harry
Hausdorff was hired to participate in the applications work and run the demonstration laboratory
asitsactivity increased.

Harry Hausdorff was avery interesting person. Over many years, he and | became very
good friends. | believe he came to us from the General Chemical Company in New Jersey. He
was intrigued by one of our Model 21's at General Chemical, so he applied for, and was hired
as, ademonstrator for Perkin-Elmer’ sinstrumentation. He was Swiss but spoke quite good
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English. Infact, he spoke five or six languages, so he became very useful with respect to our
European sales. He increased Perkin-Elmer’sinfluence in Europe.

Richard Perkin was interested in traveling to Europe, and he invited Harry Hausdorff to
go along with him on several of histrips. They made a number of tripsto Europe on some of
the big ocean-liners. Perkin became interested in acquiring a company in Germany that was
making theodolites for testing NATO’ s[North American Treaty Organization] rockets. In the
United States, Perkin-Elmer had a major business selling telescope optics and related structures.
Perkin thought that company was a good fit, and since he wanted to expand into Europe, he
acquired the company. It was called Bodenseewerk Perkin-Elmer G. m. b. H. Thefactory was
in southern Germany, in aresort area near Lake Constance [the Bodenseg]. Perkin-Elmer’s
American production group transferred al the drawings to Bodenseewerk so they could
manufacture a duplicate of the Model 21. We had been selling maybe five or six per year in
Europe before that time. After Bodenseewerk started manufacturing the Model 21, our sales
increased to more than fifty instruments a year, just because it was backed up by Germansin
Germany. Their sales effort later extended throughout Europe, with service offices and
applications labs in each major country.

Later, Perkin-Elmer got involved with other methods of chemical analysis, including gas
chromatography. 1n 1957, working again with Harry Hausdorff, Perkin decided to establish a
manufacturing company in England, later called Perkin-Elmer, Ltd. The company was Situated
in Beckinsfield, north of London. Perkin decided that Perkin-Elmer, Ltd., should transfer the
low cost IR spectrometer, the Model 137; they thought there would be alarge market for it in
England and in Europe. Harry Hausdorff was a principal person working with Richard Perkin
on those projects, and he and his family eventually transferred to Switzerland. Harry became
Perkin-Elmer’ s European manager, working out of its office in Zurich, Switzerland. He
established sales organizations in each country, which influenced researchers in those countries
and increased Perkin-Elmer’ s prestige. Incidentally, he later performed that same service by
helping set up Nanometrics's European sales offices.

Hausdorff was a good IR spectroscopist with whom | worked closely after he joined
Perkin-Elmer. We collaborated on various aspects of IR that we identified as being important,
and many turned out to be successful ideas. Often, he had anideaand | did the design.
Examples were the variable-temperature kinetic studies, for which we presented joint papers on
the completed studies at symposia. They gave the company good publicity. When he went to
Europe, there was nobody there to run the applications-engineering lab, so | took it over. As
head of the lab, one of my tasks was to design and build unique instruments for particular
customer requests. Initially, many of the instruments were “specia” engineering jobs, but after
the instruments had been developed and other customers learned of them, the instruments
became a part of the line of product offered by the Perkin-Elmer.

From 1953 onward, the Perkin-Elmer IR-spectrophotometer program for chemical-
component identification was mainly in my hands. | wasin charge of applications and special-
engineering development, and | continued to design from 1953 until about 1960. One of the
interesting things that | mentioned to you earlier was the conversion of the Model 13 prototype
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to the Model 13U. Asaproduct, that was first a special-engineering job for particular
customers. We also made other instruments for UV spectroscopy, and for measuring spectro-
fluorescence. We were becoming more and more competitive with Beckman Instruments at that
point.

Van Zandt Williams met aresearcher named Alan Walsh, an Austrdian, at a Pittsburgh
Conference back in the late 1950s, and he invited him to visit Perkin-Elmer to talk about his
new research. The guy camein to give the engineering group alecture about hiswork in
atomic-absorption spectroscopy [AAS]. Everybody sort of listened and said “Why is that
important?’ [laughter] Back then, our engineers were doing IR spectroscopy; they weren’t
interested in measuring the chemical-emission spectroscopy of the elements, or any of that kind
of stuff. | wasvery impressed by what he told us about measuring the concentrations of various
elementsin aflame.

| ran the applications lab and had freedom to do things, so out of curiosity | set up the
Model 13 prototype to do AASin the visible spectrum. It was thefirst time | had used the
Model 13 as avisible-range system. | used two Beckman flame sources; onein place of the IR
source, and the other in the sample space. The first beam was chopped and focused on to the
second flame. Then, several calibrated water solutions containing particles of the specimen
were sucked in to the second flame. | think | used solutions that contained magnesium samples
in different concentrations. | saw the variation immediately. It measured the concentration of
magnesium, by George! | did that experiment about a year after Alan Walsh had given us his
lecture.

| visited with Van Zandt Williams and said, “Please take alook at this. AAS works!
Thisiswhat Walsh talked about.” Hesaid, “I don’t know if it's something we're really
interested in.” It was familiar response. | showed my results to other people in the company,
and | wrote areport onit. | believe my encouragement pushed the company to approve a
project for building some AAS systems. Walter Slavin was in charge of designing those.
Within five years of itsinception, Perkin-Elmer’s AAS products were earning the company
several-hundred-million dollars annually. Perkin-Elmer didn’t pay much attention to AAS at
first, but by showing that the technology was useful, | think I lit the flame, so to speak. It was
something that | was proud of then, and now.

BROCK: Was Walter working for you at that time?

COATES: No. He had been working under the vice president of engineering. Before that job,
he designed a diffraction-grating version of the Model 137, low-cost-IR spectrometer; it was
another successful effort of his. He got involved with AAS afterwards, but you would have to
talk to him about all those details; it’s avery complicated story. He worked with Herb [Herbert]
Kahn; an excellent engineer who was very hand-in-glove on many of the potential applications
of atomic absorption. In the early 1960s, there was an enormous amount of work donein AAS
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by Walter and Kahn. They were excellent leaders and contributed to the growth of Perkin-
Elmer during the 1960’ s and 1970's. They deserve alot of credit.

BROCK: At thistime, was there adistinct R&D [research and devel opment] or new-products
department?

COATES: The engineering department did the production design for new instruments; like the
Model 137, AAS, and so forth. While in the applications-engineering department, | researched
specific topics and then figured out the specifications for improved instruments that could fulfill
the needs of particular customers.

BROCK: Describe your transition from the applications-engineering department to your next
project.

COATES: After having worked in the applications-engineering department, | became the
director of R&D [international operations division] for the European subsidiaries that Richard
Perkin had established in the United Kingdom and Germany. | had to travel to Europe
frequently for my new position, which was delightful. Once there, | assisted the engineers at
our German and English factories with their preparations to manufacture the Model 21 and the
Model 137. | also helped steer their efforts towards future involvement in gas chromatography.
From 1959 to 1961, | traveled frequently to both Perkin-Elmer, Ltd., and to Bodenseewerk-
Perkin-Elmer to work on those instruments; until those subsidiaries began making their own
instruments. The position tapped my 12 years of experience in instrument design and planning.

AsR&D director, | was asked to visit acompany in Paris, France, called Jobin Y von.
They had noticed our activitiesin Germany and England, and were interested in having Perkin-
Elmer as an investor in France [which Perkin-Elmer did eventually]. One of Perkin-EImer's IR
consultants in Paris, Professor M. LeCompte, informed me of new research in IR interferometry
being conducted by several French researchers. Over the next few months, | visited people
who were doing early FT-IR work, including [Pierre] Jacquinot, [Peter B.] Fellgett, in England,
and others. Fellgett had calculated that FT-IR gave amajor boost in performance because the
interferometer scanned every wavelength, al the time, as opposed to dlit-dispersive systems that
examined one wavelength at atime. Asaresult, the signal to noise ratio was 60 times better in
FT-IR instruments, which was unheard of in infrared at that time. However, the advantages of
FT-IR weren't realized until the development of small, fast computers.

Although | tried ashard as | could, | couldn’t get the engineers at Perkin-Elmer
interested in the FT-IR work done by Fellgett and others. They had too much tied up in the
design of dispersive products, which were Perkin-Elmer’s bread and butter. They put their
heads in the sand and didn’t ook up again until they had almost lost their IR business.
Consequently, Perkin-Elmer let its chance to devel op the first commercial-FT-IR instrument slip
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by. | had agood job asthe R&D director of the international operations division, but nobody
would listen to my ideas. It was around that time that | was sent to Japan.

In 1961, going to Japan was the last thing | had wanted to do. | had no interest in Japan.
Once | got there, | was fascinated by their high-quality engineering projects. What an
interesting country! [laughter] My involvement with Hitachi's program signaled an end to my
work with the European programs; specifically, Bodenseewerk and Perkin-Elmer, Ltd. Their
products had been transferred and put in production, they had good people in place, and they
were busy with their own work.

BROCK: Incoming out to Californiainitialy, still working with Perkin-Elmer, and then
starting a company of your own; it seems like you were moving from a quintessentially East
Coast company, in terms of corporate culture.

COATES: By that time period, Perkin-EImer had become alarge and complex corporation with
numerous divisions of people. They had started a large semiconductor division, in addition to
their various telescopes and optical products, their government contracts, and their analytical-
instrument division. Also, Chester Nimitz had just appointed Horace McDonell as the senior
vice-president of Perkin-Elmer; so alot of things were happening at the company. In fact, the
company became so large that it was hard to keep track of what was happening in the other
divisions. Basicaly, each manager focused on the little area he was working in.

BROCK: Describe the difference between the business climate in Connecticut and the business
climatein Cdifornia

COATES: Perkin-Elmer had become very large with headquarters in Connecticut. They had
numerous sal es offices throughout North America, and other parts of the world, including a
good business relationship with Hitachi. Further, they had their Bodenseewerk and Perkin
Elmer, Ltd. factories, and the European sales organi zations established by Harry Hausdorff.
Furthermore, they were selling over four-hundred-million dollars a year in products. | was still
involved with other products, but | had alot more to pay attention to once | got involved in the
Hitachi program. | had already been to California many times, and | liked the idea of moving
there because it seemed like a place where I’ d like to make my home. So that’swhat | did.
When they acquired the Ultek Company in Mountain View, which was a small company, it
sounded like a nice atmosphere; a small but expanding company where | could get involved
with electron microscopes and other new and exciting aress.

BROCK: What was Ultek producing at that time?
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COATES:. They were producing high-vacuum ion pumps; a growing business. lon pumps can
actually produce a vacuum way below the norm:; the ultimate vacuum, 10™ torr, which made
them very specia for new research. So their principal work was selling those pumps. They did
not have an analytical instrument business. | brought the idea of an instrument business with me
when | moved to Cdifornia. | figured Ultek could sell electron microscopes, and perhaps
design other instruments. | met Al Crew and got involved with the FESEM around that time.
The place to design and build it was at Ultek because they had the high-vacuum pumps that
were needed for those products.

BROCK: When you were starting your new company, what lessons had you learned at Perkin-
Elmer that you wanted to repeat or avoid in your new venture?

COATES: Perkin-Elmer had become so complicated that it was arelief to have a single product
with only afew people working on it; to concentrate on making that one product successful.
That's basicaly it. Asyou know, | was an engineer who had designed and been involved with
specia engineering and instrument designing. | had been involved with numerous customers
and participated in conferences, like the Pittsburgh Conference. Further, | had traveled and
worked with sales people in the United States and Europe while | was in the international
operations division. Hence, all of that previous experience made it easier for meto start a
company and operate it successfully.

BROCK: What was your financial strategy for setting up your business?

COATES: I had saved some money from working at Perkin-Elmer, as well as some stock
options that | cashed in, so | financed the early business myself. Len Welter did not have any
money, but he had learned all about field-emission electron microscopy at the University of
Chicago. Asaresult, we worked very well together in developing the field-emission gun itself.
| loved thetime | spent working with Welter. Designing on the draft board when | was younger
gave me avaluable level of engineering skill for work with Welter, and made it fun to
contribute my own ideas. | especially enjoyed designing the specimen chamber and the overall
systems assembly.

We sold our first product to a company, called Material Analysis Corporation [MAC].
They had developed an SEM system and wanted to add our field-emission gun to the
instrument. It was an order of ten to fifteen guns, which helped finance our company for the
first year. When we got their order, Welter and | adapted our field-emission gun’s design to
complete an entire SEM system of our own, which resulted in a unique product. By the time we
were finished, we were out of money, and looking for orders and financial backers. Then,
American Optical saw a demonstration of our product at a show and became extremely
interested. They had been selling optical microscopes for years and considered involvement in
SEM sales as anew direction for their company. They bought us out and gave us decent
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royalties. In addition, they gave us funds to proceed with the design, introduce the product, and
so forth. We expected them to back our future endeavors. Unfortunately, they had problems
with that because of internal problems with their other businesses.

[END OF TAPE, SIDE 4]

COATES: At Perkin-Elmer, and later at American Optical, | recognized that their management
styles were arch-conservative. They were literally afraid to try anything new. It was amiracle
that they had convinced themselves to buy CWIC. We had complicated e ectronics, a super-
vacuum system that was technol ogically advanced, and complex product; it certainly was much
more complicated than making eyeglasses, optical microscopes, and so forth. So they fell back.
Asdid their optical microscope business.

American Optical showed its conservative nature whenever | proposed undertaking
innovative, advanced projects. They amost always turned my ideas down, especialy if they
involved any serious investment. Eastern business conservatism, during those days, was
deadly. It was so prevalent, even with the emergence of Silicon Valley and all of the hot ideas.
Those wonderful new ideas! It was such arevelation to me, because that was how Perkin-Elmer
had originally run their business. | suddenly realized that California, the place were most of the
new technology was growing, was the place to make an investment. Nanometricsis agood
example of such an investment. My company could never have been successful back East.

BROCK: Why not?

COATES: When | first started Nanometrics and designed the first NanoSpecs, | invited
American Optical to help sell the products for me. They sent their sales manager, afriend of
mine, from Buffalo, New Y ork, to inspect my design. He said, “Vince, what did you design that
for? There s no market for that!” | said, “What do you mean there’s no market? It’s original
and unique; therefore you have to develop amarket.” Hesaid, “I see. We're busy selling
optical microscopes and we can’'t be bothered with the devel opment of a new market.” His
response was typical of most eastern businesses. Of course, Bell Labs, IBM [International
Business Machines], and some other companies are exceptions. Much of the electronics
innovation and investment has been done in the West by companies like Intel [Corporation],
National Semiconductor, and therest. Lately, most of the contemporary-electronics innovation
and investment has moved from Californiato Asia, though the recent SARS [Severe Acute
Respiratory Syndrome] epidemic may slow that transition. The technological effort has taken
root in China, but whether it’ll continue to grow is still up in the air; there’ s so much going on.
There are so many challenges that | wonder what’ s going to happen to the e ectronics industry
in Asia The United States seems to be less innovative than it once was. Even California seems
to have become wary and slow down.
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BROCK: How did the semiconductor-metrology market emerge as your focus?

COATES: After leaving the CWIC in mid-1974, and before starting Nanometrics, Inc., | spent
November and December of 1974 reviewing the scientific literature on the latest news in optics
and scientific technology. Each day | studied anumber of journas available at Stanford
University’slibrary. Lasers had been introduced during that time, as well as small, compact
spectrophotometers using replica diffraction-gratings to cover the UV and visible-spectral
regions. The combination of lasers and spectrometry were reminiscent of work | had done in
the late 1950s at Perkin-Elmer, when we built what | believe was the first Raman spectrometer
with a paper-chart recorder.

In 1955, that instrument was a new design to replace the photographic method of Raman
spectra. Perkin-Elmer’s Raman system had been purchased for a university research laboratory
as an advanced capability that was unique to the field. We used the Perkin-Elmer Model 12C
platform as the basic monochromator system. It was modified with aquartz prism, high-
sensitivity, light-gathering technology, and high spectral resolution. We equipped it with the
latest, highly-sensitive photomultiplier detector for detection of the Raman-scattered light. A
cylindrica-glass coil, high-intensity mercury lamp surrounded the sample cuvette, which was
contained in a 10 cc [cubic centimeter] glass test tube. A cylindrical-glass filter placed inside
the lamp coil and before the sample tube removed the interference from the UV and blue light
caused by the mercury lamp’s emissions. It allowed the green line of mercury, at 546
nanometers, to be transmitted to the sample as the excitation line. The green excitation line then
directed the sampl €' s scattered Raman light to afocusing mirror. Next, the Raman light was
focused on the glit of the monochromator, which was equipped with alarge, 60-degree-quartz
prism. The radiation was scanned over the wavelength range by a motor-driven Littrow mirror,
focused by an off-axis parabolic lens, and passed through the exit dit. Finally, the
monochromator light was focused to fill the PMT [position mode tracking] target, generating a
signa that was amplified and recorded as a spectrum on a chart-paper recorder. The spectrum
was recorded as wavelength position versus Raman intensity.

My fellow workers and | were excited when we saw the first Raman spectrum recorded
on paper. We clearly resolved peaks located at the known Raman frequencies from a carbon
tetrachloride test sample. With other experiments, we learned that samples fluoresced,
especially water solutions. Their fluorescence completely obscured the Raman lines.
Fluorescence was amajor limitation of the method. Only liquidsin solution were sampled.
Solid samples could not be analyzed with this system and gas samples could not be measured
because the lines they produced were too weak. Nevertheless, we sold a small number of those
early Raman-recording systems for Perkin-Elmer. Five years after our work in Raman, Howard
Cary of the Cary Instrument Corporation designed and built an excellent, high-performance-
Raman spectrophotometer that used laser excitation of Raman lines. | admired his well-
executed design after the marginal performance of Perkin-EIlmer’s early Raman system.
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While studying advances in optics at the Stanford library in 1974, it occurred to me that
biologists might need to have a microscope-based, Raman-spectrometer system. | thought
Raman spectra from microscope-defined areas might permit the identification of unknown
chemical substances. Long wavelength, IR microspectrophotometers, such as the Model 85,
could never measure small samples. | thought it would be possible to reflect scattered Raman
light from the specimen back up the microscope tube. Exciting the tiny samplesin the
microscope might be done with an intense beam from a helium-neon 632 nm [nanometer] laser.
A high-resolution monochromator could focus the sample at high magnification, and a sensitive-
photomultiplier detector could measure the Raman-emission lines.

In January of 1975, | established Nanometrics as a corporation and decided to start the
design of the microscope-based, Raman-spectrophotometer system. Working aone, it took me
six months to complete the instrument’s design. | designed the spectrophotometer head to plug
in to the camera-port of a standard optical microscope. The instrument employed state-of-the-
art lasers, diffraction gratings, red-sensitive photomultipliers, which were new at that time, and
highly accurate, digital electronics. | decided to attach my compact-spectrophotometer head to
an American Optical Model 10 microscope, which seemed well suited for thiswork. | built four
of those units, and called it the NanoSpec 10 microscope attachment. | purchased the helium-
neon laser and the AO Model 10 microscope commercially, and then | put together a compl eted
system with my spectrophotometer head.

It was exciting to place the first test sample on the microscope stage to record my first
micro-Raman spectra. However, after several frustrating weeks of testing, | couldn’t get any
Raman bandsto appear. | discovered later that the resolution of the grating monochromator
| designed was inadequate to resolve the narrow Raman bands. Apparently, they were being
lost in the noise of the system, if they werethere at all. Thisillustrates that good intentions
often end in failure. It was one of my many failures.

After that disappointment, it was necessary to take Nanometricsin anew direction. It
occurred to me that the high-performance microscope-spectrophotometer system | had designed
might be ideal for the measurement of weak fluorescence from microscope samples. Therefore,
I changed my goal to the fluorescence-measuring mode without any need to change the existing
design. | had made it sensitive enough to easily measure the fluorescence spectra radiating from
biological samples at specific wavelengths. The system could also measure transmitted-light
absorption from UV and near-IR samples at various wavelengths. This design included a small,
versatile, persona computer [PC]. It was an early persona computer based on the early, Intel
8080 chip. It stored data as a background reference in its memory, which could be subtracted by
the computer to reveal clean spectra over the wavelength range, from 200 to 1200 nm.

Prof. Michael Bernes, a cell-biology researcher at U. C. Irvine [University of California
at Irvine], became interested in my fluorescence-spectra measurement instrument soon after its
development. He wanted to measure the changing fluorescence of cancerous-tissue cells
undergoing mitosis, as seen at high magnification under the microscope. He prepared stained
sections of tumor cells, which could be studied using my instrument. We recorded fluorescence
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spectrathat compared both cancer and normal cells. We published the results, which showed
remarkable differences, in 1976 (9).

| designed the product to measure biological samples that had been tagged with
fluorescence dyes to identify cancer. | thought that my spectrophotometer would be useful in
measuring the emissions from those samples because it enabled a user to identify the
composition of samplesthat he or she saw through the microscope.

| rented a booth to show my new product at a meeting of about five to ten-thousand cell
biologistsin Boston. My salesman for the Eastern United States met me in Boston, and we set
up the NanoSpec 10 microscope-spectrometer in the booth. We waited, and people kept
walking by, but nobody ever camein. | actually tried to grab people and bring them in, but
there was nobody who seemed interested in our fluorescence system. Twenty-five years later,
fluorescence is an important process for genomic studies and many other areas of biological
research.

Aswe were sitting, discouraged, in the sales booth, my New Jersey salesman said, “|
was talking about your product to a guy down at Bell Labs and he told me it sounded
interesting.” | said, “Really? | didn’t know that Bell Labs was doing alot of biological stuff.”
Hesaid, “No. He'sworking on something called integrated circuits, and he thought it could be
used to measure the film thickness of tiny areas on them.” | said, “We can do that!” |
immediately packed our equipment back in its boxes and |eft the show. Two hours later, we
drove down to Bell Labsin New Jersey.

As| was setting up our equipment in hislab, my sales guy went and found our interested
customer. He put a patterned-semiconductor wafer on the stage. | focused on an area, pushed
the scan button, and recorded some spectra for him right on the spot. That’sthe story. | had
never intended to move Nanometricsin to that line of work. We ended up measuring
integrated-circuit films as our main business, purely by happenstance. Thefirst rule: Recognize
an opportunity when it comes knocking at your door!

BROCK: Had you become acquainted with cell biology through your e ectron-microscopy
work?

COATES: To acertain extent. | thought there would be future interest in it, and there certainly
istoday. The current focusin cell biology is on tagging cells with fluorescence. For instance, a
researcher who just identified SARS, Joe [Joseph] DeRisi, at University of California-San
Francisco, used that technology. He put 12,000 little virusesin an array, each initsslot on a
microscope slide, and then he put a SARS virus coating on the dlide. A little fluorescent spot
lit-up at a certain position in his microscope’ s field of view, identifying the SARS virus. Today,
he'slike arock star in biology. He has got alot of publicity. [laughter] | was only 25 years
ahead with my idea for microscope spectroscopy of biological materials. [laughter] It has
turned out to be agood idea!
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BROCK: How did the scientist at Bell Labs help to change your company’ s direction?

COATES: Hedescribed his need to measure film thicknessin asmall areain production. He
recommended that we modify our computer so it would print the answers. So, | went back to
my shop in Californiaand modified the design. Before | got that instrument to him, Intel
wanted one, and then National Semiconductor. Before | knew it, | had fifteen to twenty orders
for the NanoSpec Microspot Film-Thickness Measurement Systems. | suddenly and almost
accidentally had a successful business. So my adviceto al startupsis: Follow your nose, but
keep your eyes and ears open, too.

BROCK: How did other integrated-circuit manufacturers learn of you product?

COATES: Once we had learned of the instrument’ s need, we went around to the microchip
manufacturersin Silicon Valley and told them of our product. By then, we knew that there was
acommon application for it in the semiconductor industry. Therefore, we ssmply asked
manufacturersif they were interested in measuring filmsin very small areas. They would say,
“Of course we are. Do you know of away of doing it?” Theindustry had been using a gross,
large-spot test, but they couldn’t find a small test area on a chip, and measure that test spot
repetitively during production. Such measurements became essentia for quality control in the
semiconductor industry, and with abig payoff. That was the start of our thirty years of
continued success in microchip measurement, which has extended to flat-pand displays, and
other nanotechnology devices.

BROCK: And how did you acquire the technology to combine the hardware and software with
the instruments you were producing at Nanometrics?

COATES: In 1975, when | first designed that product, the personal computer did not yet exist.
Next door to Nanometrics, in Sunnyvale, where | was building my products, there was a
company that was building some of the first compact computers. | happened to talk to him and
went to his small shop, and he showed me his interesting design. | consulted with a software
engineer, Dr. Dennis Paul, who worked at Cary Instruments for atime after graduating from
Caltech, and together using that computer, we did the software programming for films. Our
customers wanted to have their data printed-out, and we gave operating directions to each user
for each measurement. We had to write clever software to make our instrument work. The guy
next door built the early computer boxes for our instruments, and we supplied the programs that
contained the real know-how. It was very early computer work with a PC-type system.



Several years later, of course, we could buy general-purpose PCs from many companies.
In fact, Intel perfected the programmable-memory chips we had been using in our computers
during that time. Later, we designed a number of other measurement tools for semiconductor
process-control, including tools for measuring the gate widths of transistors, and measuring the
overlay registration of superimposed layers on achip.

BROCK: Over time, how closely connected was your emerging semiconductor-metrology
business with the fate of the U.S. semiconductor industry? Did your business match their
success cycles?

COATES: Yes, dmost exactly. We grew like mad as the semiconductor business grew, and
became alarge, profitable company, with many customers worldwide. We' ve sold about five
thousand Microspot Film-Thickness-Measurement Systems in 30 years, in addition to other
products that we added along the way. It should be realized that our film thickness
measurements on silicon wafers were based on a combination of isolating a Microspot,
reflection interferometry, scanning UV -Visible spectroscopy, and computer cal culations.

In 1979, the CWIC, the subsidiary of American Optical Company started by Len Welter
and me, was losing business as a result of heavy Japanese competition, and weakened support
from American Optical. AO was also losing business to competitors in other key aspects of
their business. Their microscope business, which had its origins in Buffalo, New Y ork, since
1850, was succumbing to Japanese microscope makers as well.

Because of Nanometrics' growth in semiconductor metrology, it seemed logical for me
to acquire the complete assets of CWIC, and add their SEM knowledge to our products. The
high-magnification images that their SEM’ s produced were ideal for the measurement of
microcircuit features designed by semiconductor manufacturers. No one had yet recognized this
need.

The CWIC’'s FESEMs were based on Len Welter’ s and my patents, some of which
related to a unique ability to produce high-magnification images at low-electron voltages. | had
worked with the U.S. Defense Department in the early 1970s at CWIC to determineif thislow-
voltage operation could be used to inspect integrated circuits without damaging them. The older
SEM'’ s used destructive, high-voltage electrons with energies above 20,000 volts. We found
that FESEM electrons below 1,000 volts would not damage the circuits; it was a unique
capability.

In the early 1980s, after we acquired the assets of CWIC from AO, we started the design
of alow-voltage-electron microscope, which, for the first time, would be used to measure and
inspect the smallest areas on integrated circuits without damaging them. 1n 1984 and 1985, we
completed several models of the FESEM’ s for usein laboratories.
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In 1986, Nanometrics' new product was the CD-SEM [critical dimension scanning
electron microscope]. It was an SEM designed for automated measurement and inspection of
the latest integrated circuits. The instrument was to measure silicon wafers at low voltages
during manufacture. During the next few years, we sold and installed about fifty CD-SEMsto
semiconductor companies around the world. Those companiesincluded IBM, Intel, AT& T-Bell
Laboratories, and various Japanese and Korean semiconductor companies. The ability of our
CD-SEM to measure and inspect large-diameter silicon wafers non-destructively was a mgor
breakthrough in semiconductor metrology.

The CD-SEM was the most complicated product that we had designed during that time
period, and the devel opment of the instrument pushed our engineering and manufacturing skills
to the limit. In 1988, Hitachi, Ltd., of Japan, with whom | had worked in the 1960s, followed
our lead, introducing a competitive CD-SEM. Incidentally, Hitachi’s CD-SEM was based on
information regarding field-emission technology that Len Welter and | had developed, which
Perkin-Elmer had given to Hitachi for free. By 1986, Hitachi had employed a much larger,
more experienced engineering group than ours, but their instrument was basically a copy of our
CD-SEM. We eventually sued them, and later we sold them alicense. By 1990, however, our
CD-SEM business was overwhelmed by Hitachi’ s size and money.

Over the years, Nanometrics continued to develop a variety of advanced optical,
microscope-based measurement and inspection systems. Today, our latest measuring systems
are designed to be built right in to integrated-circuit manufacturing equipment for continuous
quality control of lithography, etching of circuit elements, coating of films, and so forth. Our
sales continue to grow as our engineers develop and design new products. | continue to
participate, but our new generation of designers has taken over the task of designing, measuring,
and inspecting systems for the more compact and highly-integrated circuits that are produced in
all parts of the world.

As | mentioned, Silicon Valley has become quieter these days. There aren’t very many
new companies coming in and making integrated circuits. Taiwan, Singapore, Japan, China,
and Korea are all experiencing growth. In fact, as you drove in to our parking lot, you may have
noticed there are anumber of empty buildings around us. That’s just happened in the last
couple of years. | don’t know where they’ ve gone to, but they’ re gone. [laughter] Soit’san
interesting illustration of what's happening to industry in general, and to our industry in
particular. Our nation seems to have become service-oriented; importing products from China
and other places, and then having people sell them in the United States. Nanometrics has a
unique business selling our products in Japan, Korea, Taiwan, Singapore, and China. The
largest part of Nanometrics' present businessisin Asia.

BROCK: Are you planning to establish aforeign subsidiary when your Chinese markets grow
large enough?
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COATES: We will establish a service company in Chinawith service engineers, and parts
available, so that we could quickly service our products when we deliver them to that country.
Then, as time passes, we may find that our profits would increase if we transferred our
manufacturing facilities. For instance, our Korean customers want to have aloca manufacturer,
which would help our businessaswell. We've already built manufacturing facilitiesin Japan
and Korea. We haven't built them in Taiwan yet, though we have avery sizable service and
sales organization there.

BROCK: Do you have a subsidiary in Europe?

COATES: The European semiconductor market has been modest. Some of the larger
companies such as Siemens's and Phillips have participated in it. There haven't been an awful
lot of other companies that have expanded there. Though the European market is somewhat
weak, Europeans are very brand loyal, choosing to buy from Siemen’s and Phillips to preserve
jobsin the European market.

BROCK: Do you enjoy working for yourself at Nanometrics more than working for others?

COATES: Yes. | enjoy making decisions and directing my own company. At Perkin-Elmer, |
had been able to make my own decisions because nobody was paying attention to my work. For
my first four or five years at Perkin-Elmer, | made all of my own decisions. For instance, |
taught the manufacturing department how to produce my product, | ordered my own parts, and |
worked with the sales people occasionally. Then, as the business grew and became very
profitable, many executives became interested in my work and | wasn't allowed to make as
many decisions. It was very difficult to go from being in charge to needing someone else’s
approval to make abusiness decision. Hence, the loss of the fast action to make my own
decisions became a contentious point between the company and me. At Nanometrics, I’ vetried
to avoid taking away my employees' freedom of action. They have the freedom to do stuff on
their own, without having others to second-guess them. If they have agood idea, they're
permitted to make that idea areality. | think that style of business has been very successful for
us. Itischaracteristic of Silicon Valley.

BROCK: Did you lose some of your decision-making freedom when you incorporated your
business?

COATES: No. It had no effect at al. People who’ve bought our public stock have never
bothered us very much; they’ ve just enjoyed the profits! We received alot of money from
common stock sales. For alongtime, | retained majority ownership, so | had the ability to make
decisions. [laughter] Aslong asthe company was making money they were happy!

37



Much of the analytical-instrument business seems to have become rolled into the bio-
instrument business. There are many new methods that have been developed for that field of
instrumentation. | don’'t even know what the market isfor IR spectrometers anymore, or how
many chemical companies buy them. It seems that many FT-IR companies have recently faded
from the scene. | think the original Perkin-Elmer group is still doing quite well. | don’t know
what’ s going to happen, but it looks like its getting folded in with alot of other stuff. It'sno
longer a business unto itself, with ideas of its own. The gas chromatography thing came along,
UV spectroscopy, IR spectroscopy, mass spectrometry, and liquid chromatography. Those
techniques have all been plugged in to other total systems. For instance, Applied BioSystems
builds omnibus products that are valuable for the biological field.

Over the years, Paul Wilks has done awonderful job of finding niches for hisinnovative
designs. I've aways admired what he's done with his companies. He's done some remarkable
new things with IR in particular, and he' s found some sizeable markets, such as measuring
carbon dioxide in Coke. [laughter] He's been very successful.

BROCK: How has the rapid evolution of the semiconductor industry affected your product
development in the metrology sector?

COATES: Our pace has quickened. Our designs have become increasingly complex to
measure the many new materials and complex circuit designs. The semiconductor industry has
continued to evolve into high-performance products that have increased in complexity while
decreasing in size. Asaresult, the ability to make precise measurements has become a greater
necessity for the semiconductor industry. By continuing to push forward, advance, and
introduce high-tech products, Nanometrics has continued to prosper.

BROCK: Please describe your life outside your business.

COATES: For thelast four or five years, | have become more interested in the way the human
brain works. | have provided some philanthropic investments to researchers who are doing
important work in that field; people who do research in Alzheimer’s disease, Parkinson’'s
disease, and so forth. I’ ve always been very interested in the chemical nature of the brain. My
curiosity about the brain has grown out of my work with analytical instruments. To satisfy that
interest, my Foundation has donated some sizeabl e research funds to laboratories at Stanford,
UC Berkeley [University of Californiaat Berkeley], University of Californiaat San Francisco,
Y ale, Harvard [University], UCLA [University of CaliforniaLos Angeles], the Salk Institute,
and others. Further, | have funded mass-spectrometer labs at Stanford, the University of
Cdifornia-San Francisco, and the Salk Institute. I’ ve also provided financial assistanceto a
number of individuals working in those fields.
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| search for researchers who need funds to do their work, and | usually like to find guys
that arein their late twenties or early thirties because | believe that’ s where the breakthroughs
come from. | provide them with funds to do research, buy equipment, travel to expand their
knowledge, whatever. There's a Professor at Yae University named Steve Strittmatter, who is
researching why nerve damage in the central nervous system causes people to become
paraplegic. He's done research on why nerves don’t grow back after being damaged. He'son
the verge of announcing avaccine that will regenerate those damaged nerves. It could save
millions of poor souls. | consider those donations essential.

There' s aresearcher at Harvard that I’ ve funded as afull professor named Dennis
Selkoe. Heisdeveloping avaccine for Alzheimer’s, and I’ ve financed some of hiswork for the
last few years. Aswe get into our sixties and seventies, Alzheimer’s becomes a major thing.

It's going to become about five times more serious a problem for the world than it is at the
moment, even though it’s very serious right now. Around the year 2010 and thereafter, there
will not be enough medical people to take care of the people who have Alzheimer’s. Unlessa
vaccine is developed, that is going to be a major economic catastrophe for the world, just as
AIDS[Acquired Immune Deficiency Syndrome] is. Thisiswhy I’ m interested funding the right
researchers.

BROCK: Do these researchers have a great demand for equipment, like analytical instruments?

COATES: Yes. They usually request fancy optical microscopes to enhance their specimen
viewing. Some researchers request mass spectrometers to measure protein chemistry and
determine its composition and structure.

| have arecent report that came in from Prof. Joe DeRisl at the University of California-
San Francisco. It includes a picture of the microscope-slide array he’sbuilt in hislab. | went
down and visited him last week. He' s only 30-years old and he’s come up with a blockbuster.
His simple device can identify thousands of different types of viruses. They call him the “rock
star of Biology.” [laughter] So that’s good stuff. Those are the things that I’m working on,
besides continuing to participate in Nanometrics. If | can take some of my financial gains and
put them into areas that prove useful to humankind, that’swhat | liketo do. My businesslife at
Nanometricsis very fulfilling.

Asfar as philanthropy is concerned, | ‘m not interested in bricks and mortar. 1I'm
interested in people working at the leading edge of their research; people who might be able to
make advances in research if they had some more funding. There are young kids, undergrads,
who need just five-thousand dollars to present a paper at a meeting. Much of my philanthropy
goes to those kinds of people. There'salot going on in bricks and mortar. There are alot of
philanthropists in the Bay Area who donate money for buildings that house important research;
but they don’t know what’ s going on inside those buildings. They have noidea. I'm interested
in the guy in the lab who' s looking through the microscope and seeing something new.
[laughter]
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[END OF TAPE, SIDE 5]

RICHARD ULRYCH: Do you think Nimitz was a positive influence as president of Perkin-
Elmer?

COATES: Yes. He madethings happen. He worked well with the engineers and responded
well to good ideas. In my experience, Horace McDonell was not that way, but the president
before Chester, Bob [Robert E.] Lewis, was never afraid of tackling new projects. Though
Richard Perkin was not very interested in the analytical business, he contributed to its growth.
He was consistently interested in astronomical telescopes, and government businessaswell. He
focused mainly on special optics, bombsights, and so forth, but he also supported the anal ytical
business. In Perkin-Elmer’s early days, Perkin allowed Van Zandt Williams to basically run the
business; and Williams had a great staff that helped to advance the company.

| believe Williams resigned in the early 1960s. He took ajob asthe president of the
American Physical Society, which he enjoyed because he was in the company of hisfellow
physicists. He traveled around the world, and had many contactsin England and Europe. He
was a charming guy, had a great sense of humor, and he was well thought of by everybody who
knew him. He contributed greatly to the IR field, and was instrumental in associating it with the
chemical industry. The more he talked, the more attention the researchers paid to his advice,
and it became pretty usual for them to set up infrared-spectroscopy labs based on his advice. He
died suddenly in London, in 1962.

During our initial discussion in meetings about small IR instruments, Paul Wilks had
proposed, | suppose from his point of view, the design of alow cost version of the single-beam
Model 12. | said such an instrument would never have been of much interest to a bench
chemist. | did acost study of asmall IR version of the Model 21, which had long been proven
reliable, and | proposed a cost reduced, miniature version of the Model 21. | suggested asimple
design; it had a cam drive on the same shaft as a vertical-chart recorder, similar to the Model 21.
| believe my concept for that instrument, which became the Model 137 Infracord, was the low-
cost breakthrough. Perkin-Elmer sold thousands of those instruments after they were introduced
in 1962.

It has been often said that "failure is an orphan, but success has a thousand fathers.”
Many people enthusiastically contributed good ideas to the Infracord. Dr. Hamilton Marshall
was the key guy as project engineer, with very imaginative ideas for a new kind of lower-cost
manufacturing that affected Perkin-Elmer’s design for many years, and produced profit.

There weren’t that many chemists who wanted to do their own infrared analysis. The

same problem has arisen in mass spectrometry right now. There are many mass-spectrometer
labs, | financed the one at Stanford, with brilliant mass spectrometrists, but there are several
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million proteins that have yet to be identified in the human brain. There’s no way that biologists
can devote their time to learn how to run mass spectrometers and do their main work. What the
field needs is a cost-effective, fast, mass-spectrometer system that analyzes the protein for a
researcher, and quickly prints out a possible structure in aform that it easy to understand. Fast
but precise mass spectrometers; fast computers; that is the direction.

There' s aresearch Professor named Al Burlingame at University of Caifornia-San
Francisco who's building a high-speed computer system for mass-spectrometer analysis. I've
financed some of hiswork in that area. The same thing is true of the mass-spectrometer |ab at
Stanford. Researchers are just becoming aware of how important it isto identify the proteins.
There are millions of proteinsin the brain that have yet to be identified in function and form.
The human genome project is interesting, but only abeginning. It isimportant to identify the
proteins and figure out what they do. A good exampleis Mad Cow disease. Mad Cow disease
is caused by a prion; a mutated protein that causes the other proteinsin the brain to mimic its
shape, rendering them useless. It’simportant to realize that viruses, bacteria, and parasites
aren’t the only dangers to humans; some proteins are dangerous too, and they must be studied.

Mass spectrometry may be the only technique that is sensitive enough to structurally-
analyze proteins. Much of Klaus Biemann’s early work playsinto that field. It involved the
interpretation of mass spectra and the concept of deciphering a definite structure that may only
result from a particular group of masses. His concepts have advanced rapidly since their
inception, and now the field of proteomicsrelies heavily on thiswork. | assume that some of
the employees of Perkin-Elmer, who are now in Foster City, must have some thoughts about the
growth and advancement of the mass-spectrometry field.

BROCK: Please discuss the course of gas chromatography at Perkin EImer while you were
employed with that company.

COATES: Thestory, as| understand it, is that Perkin-Elmer’s consultant at Oxford, England,
Professor Tommy Thompson, told Van Zandt Williams that there was a new technique called
gas chromatography and that Perkin-Elmer should look into it. The process had been devel oped
in England, so the next time that Van Zandt Williams went to England, he and Harry Hausdorff
visited Thompson to discuss that technology. They collected some publications, and visited
somebody at Oxford who was doing work in gas chromatography. | didn’t know anything about
it until they came back from England and Harry started making alot of noise about the potential
of gas chromatography. Hefigured it was a ssimple system that Perkin-Elmer could replicate as
aproduct easily and quickly. Van Zandt Williams supported the devel opment project, and so
Harry and an engineer, Emmett Watson, put a team together. Harry then began giving reports
on their findings, and soon the project landed in my applications-engineering department. When
Harry went back to Europe, there was no one left working on the gas-chromatography
applications, of which there were many. Therefore, | hired Nathaniel Brenner to take over the
work. It wasanew field for usand he did awonderful job. He ran customer samples, wrote
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research papers, and gave talks on his research, which was necessary because it was anew field.
Together we spread the word.

In 1958, | had been in very close contact with Dr. Marcel [J. E.] Golay, afamous
scientist who was a so a Perkin-Elmer consultant. He visited the company about once aweek to
consult with us. We had a session where we talked about gas chromatography on a theoretical
basis. Hedidn't know anything about it, nor was he very interested in it, but as we continued to
talk about its uses and the fundamental principles behind it, he came up with anidea. Having
done some research on the subject, Golay returned to Perkin-Elmer the following week and
asserted, “ Gas chromatography is nothing more than a telephone system!” [laughter] He said
that as the molecules pass from one thing to another, it’ s like a telephone system. [laughter]

He' d done al the equations and later published a paper proving that assertion and predicting
major improvements (10).

In 1957, | was asked to organize the ISA’ s [Instrument Society of America) scientific
program for the first gas-chromatography symposium at Michigan State University (11). | had
to find active researchers to give papers on research at the symposium. Since Perkin-Elmer had
effectively pioneered gas chromatography in the U.S,, | asked several Perkin-Elmer guys and a
few other people to give speeches. | aso invited the guy who had literaly invented gas
chromatography, A. J. P. [Archer John Porter] Martin; and paid his expensesto fly from
England and give atalk on hiswork. This marveloustak is presented in the book | edited about
that first gas-chromatography symposium in the U. S. (12). His predictions were right-on and
extremely useful.

Further, | asked Marcel Golay to give atak on his theory of how gas chromatography
really works. [laughter] By that time, he'd concluded that the way it was designed by the guys
in England was completely wrong. He thought the separations shouldn’t be done with abig
packed column, but rather, for the best separations, it should be done with avery small
diameter, empty capillary tube with aliquid medium on the walls. Hisideaturned out to be
correct. He then had some of my lab guys make some runs for him on crude capillaries, and he
showed that he had about ten-times-higher resolution with his system than anyone had ever
shown. In any case, he read his paper at the ISA meeting, entitled, “Theory and Practice of Gas-
Liquid Partition Chromatography with Coated Capillaries (13).” | don’t think anybody really
understood it until much later. Marcel Golay was abrilliant guy. Anyway, that is an interesting
story about the early history of gas chromatography. | personally did alot of work and
published papers with various colleagues in gas chromatography until about 1959, when |
transferred to the internationa operations division.

Perkin-Elmer built many kinds of gas chromatographs using the first Golay “columns.”
They built high-performance gas chromatographs based on his design, which really pushed
Perkin-Elmer way out in front. They had about 85 percent of the gas-chromatography business
by the end of the 1950s. | was in Japan during that time period, so | wasn't involved with that
research. However, Nathaniel Brenner was still involved with the program.
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Eventually, Perkin-Elmer made a strategic design error. An engineer at DuPont built a
gas chromatograph that he programmed to continuously adjust the column temperature over a
range, allowing certain separated components to come out well-separated, but faster. For some
reason, the guys at Perkin-Elmer decided that DuPont’s modification was not useful because the
loss of resolution caused by temperature programming made the process ineffective. The F&M
Scientific Corporation built the first temperature-programmed gas chromatograph, and one year
later, Perkin-Elmer’s 85 percent share of the market dropped to 25 percent, F&M having
grabbed 60 percent. Then, HP bought F&M, and HP has been dominant in that business ever
since. Perkin-Elmer eventually built temperature-programmed gas chromatographs, but it was
too late. | don’t know what’ s happened to Perkin Elmer’ s gas-chromatograph business.

BROCK: Where does the triple-stage gas chromatograph fit in to that story?

COATES: As Perkin-Elmer was developing the gas chromatograph, it occurred to me that the
design should have multiple columns. A second column could take the output from one column
and send it into another, different column that would alow other components to separate. Then,
they could even add athird column to analyze a complete mixture. An exampleis agasoline
sample, where there might be athousand components recorded on three different charts; an
operator could separate them and then identify the components. | thought that gas
chromatography might go in that direction, so | designed atriple-stage unit by combining three
standard ovens. There were a number of those sold, but it was done with the same people who
didn’'t understand temperature programming! [laughter]

BROCK: Who were the key decision makers for gas-chromatography devel opment?

COATES: Many of the employees at Perkin-EIlmer were sales oriented. They had numerous
ideas for selling the instrument, but they didn’t want to risk changing or improving its design
and make the old design obsolete. | think that was basically it. | think they were morelike
conservative salesmen than scientists.

BROCK: Discuss your involvement with UV spectrophotometry at Perkin-Elmer.

COATES: | had designed the Model 12C with a quartz prism that could be plugged in to the
instrument to make measurements in the UV -spectral range. Very few people at Perkin-Elmer
endorsed that design because UV was mysterious. They had designed the Model 12C with all
prisms in mind, and since the UV prism existed during the unit’s development, | made an
interchange unit for it. 1 also installed hydrogen and tungsten-lamp sources, a photomultiplier
detector, mirror flippers to select those, and a special cam to scan linear-wavelength spectrain
the ultraviolet and visible regions.



During that time period, Howard Cary had just introduced his double-beam system, and
we considered selling the seemingly competitive, Perkin-Elmer Model 21UV-VIS
Spectrophotometer. | made it work quite well, and got superior spectra compared to published
data (14). | think we published a paper on it (15). | wanted to introduce the instrument as a
serious product. Van Zandt Williams said, “Perkin-Elmer doesn’t know anything about UV
spectroscopy. WEe' re not going to touch it.” | replied, “Don’t you think we can learn? | think
we can learn. I've looked at other people’ s results, and | think our huge prism will give us four
or five times the resolution and accuracy that has been achieved by others.” Despite my
protests, and the existence of a completed, tested prototype, the project was discontinued. Van
Zandt Williams was not interested in UV, and he was the boss.

About two years later, Williams ran into a man named Chuck Warren at the Pittsburgh
Conference. Warren's company had built a double-beam-UV system, called the Ultracord, as
an attachment to the Beckman Model DU. Williams thought Warren's design was interesting,
so Perkin-Elmer bought his company and gave Chuck Warren some engineers to produce his
instrument. Asfar as| know it never worked. They introduced it, but it couldn’t compete with
the other UV systems. | had nothing to say about it. Conversely, the Model 21UV had alot
going for it because it had higher resolution, a huge prism, chart paper, the ability to scan
linearized spectra, and it was built into the Model 21’ s manufacturing structure. Nevertheless,
we built an interchange unit with a quartz prism and the ability to operate in UV. | was heavily
involved in that project. But that’s the end of my story! [laughter] | got really involved with
UV and visible light again when | started Nanometrics.

[END OF TAPE, SIDE 6]

COATES: Somewhere around 1955, Van Zandt Williams became interested in the application
of IR-to-automatic measurements on chemical process-streams. He thought that would be an
application for the next generation. He was always interested in quantitative analysis, as|’ve
mentioned, so he started a project to design IR instruments that were rugged enough to work in
aprocess-chemical -plant’ s environment; where they would sample some of the gas or liquid,
send it through a cell, and then back into the stream, while continuously monitoring a particul ar
component at awavelength of interest. There were two products developed, one was called the
Trinon [Analyzer] because it was a triple beam, non-dispersive IR instrument, and the other one
was called the Bi-Chromator Analyzer; a dispersed, spectral-analysis system.

[INTERRUPTION]

COATES: The chief engineer of the Trinon Analyzer was Elliot Woodall. The Bi-Chromatic
Anayzer was designed by Abe Savitsky. It wasavery rugged IR spectrometer that had a split
mirror to simultaneously measure and ratio two wavelengths; which was a pretty good idea.



Perkin-Elmer invested more money in those two products than they had ever invested in
anything before. When the units were finished, their introduction on the market interested many
in the chemical field. Then, consumers discovered a very interesting problem with the
instrument. Chemical companies did not know the IR characteristics of the “other” impurities
and components that were in the streams. To sell them a system, we had to identify the exact
contents of the streams. If we didn’t, an entire plant could shut down, or something could
explode, because an unidentified substance went through the stream and gave a user afalse
reading.

For instance, | remember a group from Eastman Kodak [Company] who needed to
examine factory air pollution in the film business. The company formed a group to set up the
instrument, but the Trinon’s measurements of customers’ samples never made any sense. Asa
result, Perkin-Elmer spent about one-million dollarsin R&D, but had very few salesto show
fromit. Theinstrument was adisaster and it was soon discontinued. Williams never talked
much about it again, nor did any of the people who worked on it. The engineers were assigned
to other projects, and the instruments just sat there in abig room in the back.

In 1958, | received acall from Van Zandt Williams, who said, “Vince, | want you to take
over the Trinon and Bi-Chromatic Analyzers developments as part of the applications-
engineering department.” | replied, “1 don’t know anything about those machines.” He
countered, “They’ re being discontinued, so there's not much to be done. Just take it over.”
About amonth later, | got acall from one of our sales guys who said General Motors had just
introduced pneumatic springs for their cars. They were planning on installing the springs on
many of their cars the following year, but first they required machines that could measure for
leaks. An engineer from GM asked if we had an instrument that could measure the leakage. |
said, “If you can put nitrous-oxide in to the pneumatic tube, we could use that gas as atag to
detect any possible leaks. He said, “We can do that.” So, | replied, “We have about fifty
machines in stock that can measure all that stuff perfectly.” [laughter] Asaresult, we sold all of
our Trinons to General Motors and made money on our investment. Soon after, we had to put
the Trinon back in to production because Ford [Motor Company], who was in strong
competition with General Motors, had introduced similar pneumatic springs. | guessit was
smart of Van to finaly turn the product over to the applications-engineering department!

We managed to sdll our entire Trinon inventory. During that time period, Max [D.]
Liston developed asimilar IR-measuring device. It was avery successful system because he
had done such agood job designing it. It didn’t require the very complex tuning-up that the
origina Trinon had required. The Trinon was called a closed-loop-measuring system. We had
asaying in those days. “Maxie Liston, he’s no dope, he did it al with an open loop!” [laughter]

BROCK: Did Perkin-Elmer ever really get into process control?
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COATES: Yes. They later designed a process-control gas chromatograph that sold for severa
years. However, once their Trinon inventory was exhausted, they weren’t about to get back in
to that business. Theinstrument required a very complex, tuning-up process. Some other
companies had made IR analyzers that were used in coal minesto detect explosive gasin the
atmosphere. For example, Mine Safety Appliances built an IR system that they were very
knowledgeabl e about because they had aready sold products to coa mines and other industrial
workplaces. | would like to ask Max Liston who his present customers are; he must have an
interesting business.

Since we're telling stories about process monitoring, | have another one. There was a
different company that had gone in to that business and taken a piece of our Trinon market. We
had come very close to getting an order from the Dow Chemical Company, but we lost the order
to them. Dow had built amultimillion-dollar plant to make a certain chemical component, and
they wanted to make sure that their chemical process gave then the optimum results. We didn’t
get the Dow Chemical order because they bought a better IR anayzer from our competitor.
After our competitor installed the instrument, they continuously monitored and tuned the
temperatures and adjustments. As the desired composition went higher, the company increased
its profits. At 3:00 am one morning, the composition got to the point where the entire processin
the pipe turned into asolid! [laughter] Here was a multi-million-dollar plant using a process-
stream-IR analyzer. There was no way to clean the solid out of the system; all they could do
was dump it! Dow Chemical lost its entire investment.

The IR analyzer was thought to be the culprit. Our competitor blamed the failure on the
engineers who had designed it, saying that they weren’t informed of the chemical properties and
were only supposed to measure the efficiency. In chemistry, a substance sometimes has two
general isomer forms: cis and trans. The company had wanted more trans than cisisomers. But
anyway, that’s afamous story of infrared process control. [laughter] Perkin-Elmer’s
management was slightly scared by that story. It shows things that seem simple on the surface
may not be.

BROCK: Thank you very much for the interview.

[END OF TAPE, SIDE 7]

[END OF INTERVIEW]
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Process Mbnitoring Using Measurement Data - Boston, MA

Measurement & Inspection Cwikscan M.Ohtsuki/ Semicon Korea;-3/86.

‘SEM Using Schottky Gun - ' D.Holmes/L.Denney
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" New Automated Inspection & Measure- . M.Ohtsuki/ ICEM, 8/31/86 Kyoto,
" ment Field Emission SEM Equipped - J.Ikovic/D;Holmes/ ~Japan .
-with Schottky Electron Emitter _ :A Abel/L. Denﬁey

,-Applications of Low Accelerating - M.Ohtsuki/ . ICEM, Kyoto, 1986
Voltage Field Emission Scanning Y. Sugiura/T Makita

- 'Electron Microscope to Uncoated, -~ - |
Non—conducting Biological Specimen

" Low Accelerating Voltage Field - .M. Ohtsuki/ ICEM, Kyoto, 1986
Emission Scanning Electron Microscopy T, Makita' '

~on’ Uncoated, Non-conducting Plastic

_ Replica or Blood Vessels of Rat: Gastric
‘.Mucous Epithelium S

‘ .Automated SEM and Optical Measure— W, Lin . ICSTCT _Beijing, China,'

ment Stations for Manufacturing Process 10/86

Control of Integrated Circuits S .

The Or1g1n & Present State of Analytlcal - ‘ FACSS, Detroit, MI;

Microspectrometry . o - 10/4/87 '

'Basic Improvements in- Submlcron ' e'S;WilliamS/- : SPIE”SYmposium; 1988 - -
~ Optical Measurement Methods = ° - W.Howe/R.Ingalls L '
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LIST OF PATENTS ISSNED - VINCENT J. COATES

| ITE 'STATES PATENTS

PATENT_NQ.

5,045,704

RE. 34,783

4,884,890

4,849,694

4,826,321

4,743,757

4,596,929

4,521,686 |
: ' CALIBRATION OF THE T.V.CAMERA TUBE GRUND/S.WESTRATE

4,373,817
4,308,586

4,020,387

3,931,519
3,931,517

3,842,272

3,784,815

PATENT TITLE . _pamg INVENTORS

METHOD FOR DETERMINING ABSOLUTE ‘9/3/91'.5'V;J,00ATES' :

- REFLECTANCE OF A MATERIAL IN THE .
ULTRAVIOLET RANGE » RE.34,783, 11/8/94

- SAME as ABOVE o | 11/8/94  V.J.COATES ..

'METHOD FOR NORMALIZING .THE DETEC- ' 12/5/89 V.J.COATES

TION SIGNALS OF MAGNIFIED IMAGES "
OF  FLUORESCING MATERIALS ' o

'THICKNESS MEASUREMENTS OF THIN . 7/18/89 . V.J.COATES
CONDUCTING FILMS - o - :
THIN- DIELECTRIC FILM‘MEASURING  5/2/89 V.J.COATES/W.L//
SYSTEM.. ) L

SECONDARY ELECTRON. EMISSION CONTROL 5/10/88 V. J. COATES
IN ELECTRON MICROSCOPES » Ce : o

.THREE-STAGEVSECONDARY EMISSION = 6/24/86 V.J.COATES/D.C

ELECTRON DETECTION IN ELECTRON _ ~  HOLMES/G. TORO-LIRA
‘MICROSCOPES - : X ' :

LINEWIDTH MEASURING WITH LINEARITY ' 6/4/85  _V.J.COATES/J.E.

COMPUTERIZED MICROMEASURING SYSTEM 2/15/83 V. J. COATES
AND HETHOD THEREFOR ' : E

METHOD FOR THE PRECISE DETERMINATION 12/29/81 V. J. COATES

~ OF PHOTORESIST EXPOSURE TIME

FIELD EMISSION ELECTRON-GUN . 4/26/77 V.J.COATES/L.M.
~ ‘ - WELTER
FIELD EMISSION ELECTRON GUN - 12/9/75 " "
 FIELD EMISSION ELECTRON GUN' - 1/6/76 " LI
FIELD EMISSION ELECTRON GUN 1/6/76 oom
SCANNING CHARGED PARTICLE MICRO-  10/15/74 . % nmy
PROBE WITH EXTERNAL SPURIOUS ELECTRIC - ~ J..J. GOLD
FIELD EFFECT CORRECTION | _ o |
LOW VOLTAGE FIELD EMISSION 1/8/74  V.J.COATES/L.M
SCANNING ELECTRON MICROSCOPE -~ WELTER o
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3,766,427 FiELD EMISSIngEtECTRONdeN“‘;_' ~10/16/73  V.J.COATES/L.
' E - | - o ' WELTER
3,678,333 FIELD EMISSION ELECTRON GUN UTILI—A"7/18/72 Loom oom
' ZING MEANS FOR. PROTECTING THE FIELD = ~
.. EMISSION TIP FROM HIGH VOLTAGE DISCHARGES'
3,767,926 FIELD EMISSION SCANNING MISCROSCOPE 110/23/73 o "
. DISPLAY - - . o
'RE: 28,153 n L T 9/10/74 "

"IN ADDITION TO THE FOREGOING U.S. PATENTS, THERE ARE VARIOUS CORRESPONDIN.
PATENTS IN OTHER COUNTRIES. - S o |
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~ We'll See You at the Chicago

~and Philadelphia Meetings' -

. Perkin-Elmer will exhibit, at the 10th

September 9-12 during the 134th na-
‘tional meeting of the American Chemi-
cal Society. On exhibit in P-E Booth
No. 107 will be the Model 21 .infrared

spectrophotometer with the beam con- -

densing system for micro sampling and
slave recorder, the Model 154-C Vapor
Fractometer with- the new Perkin-
"Elmer Printing Integrator, thé Model
4000-4’ Spectracord® Ultraviolet Spec-
trophotometer with the diffuse reflec-
tance attachment, the Model 137 NaCl
Infracord® sSpectrophotometer, and ‘the
new KBr Infracord spectrophotometer.
-. The following week, Perkin-Elmer
will exhibit at the 13th Annual Instru-
ment-Automation Conference and Ex-
hibit presented by the L.S.A. at Phila-

delphia Convention Hall, Booth 910-

1011. Products to be displayed in-

* clude: The Model 21 Infrared Spectro- .
photometer with slave recorder and.

beam _condensing system - for micro
- sampling, the Model 4000-A Spectra-
cord® Ultraviolet Spectrophotometer
with diffuse reflectance attachment, the
Model . 137 NaCl Infracord® spectro-

photometer, the new Model 137 KBr.
Infracord, the Model 154-C Vapor

Fractometer with the new Printing In-
. tegrator, the Model 184 Process Vapor
Fractometer, the - Model- 188 Wide
Range Vapor Fractometer and
Model 105 Leak Detector.

We look forward to seeing you at

these two important -meetings. Our
booth No. 107 at the Chicago ‘exposi-
tion is right next to the main registra-
tion area. At Philadelphia Convention
Hall we're located in the Grand Hall
between the 900 and 1000 aisles. .

A valuable source of reference for
chemists, physicists and clinical ana-
lysts is Infrared Absorption Spectra of
Steroids, An Atlas, Vol. 11, by Glyn
Roberts and Beatrice S. Gallagher of
Sloan-Kettering Institute for Cancer
Research and R. Norman Jones of the

the -

S ,App‘endix:.III '

™ Jack Baudean . . . -
. P-E Southern Office Manager

Jack Baudean,- Southem Regional

~ Sales Manager for Perkin-Elmer, was
‘born ‘33 years ago in the same city .-

- where he now holds sway—New Or- .

Nétionél Research _Céuncil, Ottaw.a.'
Volume II provides curves for 362 ad-

ditional - steroids, and. ‘contains 452
charts. It lists curves in both volumes

. - alphabeticall by functional )
National Chemical Exposition in the’ @ paadetically and by functional groups

* International Amphitheater in Chicago,

contains a table of characteristic fre-
quencies and bibliographies. Published

by Interscience Publishers, Inc., 250.

Fifth Ave:_aue, ‘New York 1, New York.
875 pages, price $20.00." '

Gas Chromatography, edited by
‘Koates, V. J., Noebels, H. J., and Fagerson,

l. S., Academic Press, New York, 1958, 323
pages. ) : o

This collection of the prbcéedings of

the August 1957 Symposium on Gas :
Chromatography of the Instrument So-

ciety of America is a necessary addition
to. any library of literature in the gas
chromatography field. Included are pa-
pers which describe such novel appara-
tus as the capillary column chromato-
graph of Golay, the high temperature
“glow plug” chromatograph of Felton,

Kirkland’s preparative apparatus, . and

several advanced commercial labora_\tory

.and process control instruments. The- -

oretical studies of the fundamental chro-
matographic process by Young and by

Hinkle and Johnson, and an exhaustive

survey of thermistor behavior by Cowan
and Sterling are also notable contribu-
tions. Other valuable discussions relate
to special applications of the technique
and studies on column construction pa-

rameters. A transcript of the stimulating.
- address delivered by A, J. P, Martin. is

also’ included. One of the indispensable
features of the -volume is the 442-entry

Bibliography on Gas Chromatography .

compiled by Langer and Zahn and the

"Bureau of Mines staff. This author-in-

dexed list covers the years 1952 through

"1957 and provides a much needed com-
‘pilation of gas -chromatographic litera-

ture, .
A Committee on Nomenclature was
established in conjunction with the Sym-
posium. The report of its considerations
and conclusions has been appended to
the proceedings. Included here are ac-
cepted definitions of column perform-
ance, ' '
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leans, Louisiana. Known by his - col-

. leagues in the Southern office as “The .

Professor,” hé combines a thorough
academic background in physics and

math . with - considerable administra- . :

tive A.ability. )

Jack Bavdean
Jack has, ‘in' fact, been P-E’s New
Orleans manager ' since 1955, - gradu-
ating to that post after two years in -
the bayous as a Perkin-Elmer Sales and .
Service Engineer. Before joining us, -

“he was Acting Head of the Physics

Department at- Xavier University, New.

Orleans, for four years.

TE A AR AR A ARk K r

KNOW YOUR
P-E SALESMEN

TR A KA AT A AR K A AR

His ‘academic background started at -
Jesuit High School, from which he
progressed to undergraduate studies at
Tulane, receiving his B.S, in 1947. Two .
years later he earned his Master’s de-

‘gree, also at Tulane." His thesis for
-that degree—*Viscous Fluid Flow Be-

tween. Two Coaxial Rotating Cylin- -
ders”" was - exposed to -the scientific -
world in-“the -American ‘Journal of
Physics—Vol. 19, No. 2, Feb, 1951,
if you want to look it up. . o
He and his wife Mary- Lou number .
three children—Suzanne, 6, Lise, 4,
and John, 2. Jack claims no discrete
hobbies except  “waiting at airports,

‘and trying to-catch up on sleep when

at home.”

Perkin-Elmer sales records show

that Jack’s calorific personality and
persuasive Southern ways have borne
fruit in an enviable annual volume.
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EDITORIALLY SPEAKING
A Second Symposium on Gas Chro-

" matography, organized by the Gas

Chromatography Discussion  Group

under the auspices of the Hydrocarbon
Research Group of the Institute of

Petroleum of Great Britain and the

Koninklijke Nederlandse Chemische -

Vereniging, was held May 19th through

. 23rd in Amsterdam, Holland. This - i
meeting, attended by over 400 per-
. 8ons from many parts of the world,

indicated quite clearly that the young
science of. gas chromatography was
moving forward in a very vigorous
manner. :

Twenty-eight papers were contrib-
uted and intensively discussed, cover-
ing elucidation of theory as well as
description of techniques and appa-
ratus. Important information concern-
ing new applications of the method was
presented. ' : '

Many of the papers disclosed new

-and important advances in the gas

chromatography field. In particular,

‘the rigorous work of J. Behemen and

" 1. 'H. Purnéll relating to improvi
performance of packed columns” de- -

* described an inter-

improving the

serves mention.” M. J. E. Golay of
Perkin-Elmer presented a paper enlarg-
ing on his theory of the chromatography

* of open ‘and coated capillary columns. -

- Experimental work
performed by Dr. ..
Golay indicated |
that efficiencies of - Ji8
the order of 50,000
t.heoreticalplates'or ;
better were attain-
able with capillary
columns. McWil-
lianis and Dewar

Vincent.J, Coates
esting new flame ionization detector for

* gas chromatography capable of analyz-
ing trace compounds with sensitivities

exceeding 10° mV mil/mg. _

-R. P. W. Scott showed chromato-
grams resulting from improved column
construction and operation, which indi-
- cated efficiencies of the order of 40,000
theoretical plates. A spirited discus-
sion of the influence of the nature of
the solid support on column perform-
ance indicated a need for further study
and clarification of this area. A series
of papers were presented describing
the optimal use of programmed column

heating as a means of decreasing analy- .

sis time in gas chromatography when
ide boiling range ‘mixtures are ana-
lyzed. - ) ‘ L
Several interesting papers were pre-
sented concerning ‘the applications of
gas chromatography to- particular ana-
Iytical problems. " Ellis and Iveson de-

scribed the "analysis of some halogen- .

ated compounds. Bovijn, Pirotte and

Append_itx:-'III |

coan - :
Berger. discussed the measufement of -

low concentrations of hydrogen in

" water, and Liberti and Cartoni. pre-

sented a most interesting paper on the
analysis of essential oils. Bayer dis-.
cussed the separation of derivatives of
amino , acids. Ambrose and Purnell
gave examples of the method of pre- .
senting standard retention data using -~
various solvents based on recommenda-
tions made by a Committee of the Gas
Chromatography Discussion Group.
The published proceedings of this
important  symposium will - appear

‘shortly. They will be edited by D. H. .

Desty and published by Butterworth
Scientific Publications in. London. It
is recommended that ‘those interested
in gas chromatography should refer to
the published proceedings. A wealth of
important new information is con-

“tained in both the papers and-the - in-

tensive discussion which follows. o
At the . Instrument Exhibition . held -
in conjunction with. the posium,
P-E exhibited the Model 188 Triple
Stage Vapor Fractometer and the
Model 184 Process Vapor Fractometer.

‘Bodensgewerk _ Perkin-Elmer (Ger-

many); exhibited the Model 116 Frac-
tometér with an automatic gas sampling .
accessory. ‘ .

Those attending the symposium were
grateful that the Organizing Committee
had chosen to hold the symposium dur-
ing the lovely tulip season prior to

_ Whitsuntide. Also memorable were

the side excursions to points of inter-
est, the boat trip on the canals and
the reception at the Tropical Institute
and the State Museum.. :
: S v.ic

A view of the conferees in the auditorium of the Tropical Institute during one of the -Gas
' ‘ Chromatography sessions in Amsterdem. : .
P-E’s Vincent.J, Coates, quqger of Application Engineering, served as Chairman for the
May 21 session. on Techriques and Apparatus at the Amsterdam Symposium. Other P-E
people attending the sessions included: M. Golay, H. Hausdorff- (Norwalk), G. Zahler, )
H. Hediger, D. Orr, G, Carofi, W. Quadt (P-E A. G. Zurich), J. Wolff, A. Loew, Dr. Palm

" (Bodenseewerk Perkin-Elmer),

58




g v - ‘
I

fooe

Ap}pendlx IV

- International Section

BRITISH INFRACORDS®
NOW AVAILABLE . -

A. R. Giison,‘Managing Director of

P-E’s British subsidiary,’ Perkin-Elmer

- Ltd., . Beaconsfield, Bucks., announces

the availability of Model 137 Infracord

" . spectrophotometers _completely manu-
factured in' England. Further informa- -

tion may be obtained from your nearest
" Sales and Service Office. - '

A, Ralph Gilson S

"A. R. GILSON HONORED BY
BRITISH GOVERNMENT

In recognition of his service to. sci-

ence, A. Ralph Gilson has been named
‘to Her Majesty- the Queen’s . Honour
List and awarded ‘as a Mémber of the

" Order of the British Empire (M.B.E.). -

~ The Managing Director of our Brit-
ish manufacturing subsidiary, Perkin-

" Elier Limited, Mr. Gilson has received’

this coveted award for his work in
building and equipping the new Chem-
ical. Laboratories at Cambridge Uni-

versity, These are the largest, and con- -

sidered to be the finest academic lab-
oratories in the world.

He was formerly Executive Director
of the Laboratories for 13 years.

SPETTROSCOPIA E CHROMATOGRAFIA DI GAS

Perkin-Elmer A.G. exhibited 'i:t.'fhe‘Minn .Fqi'r, April 12-27. Dr. Caroti discusses the Model 21 ~
: . ‘ o with a visitor, S BRI

PERKIN-ELMER

ITALIANA, S.p.A.

-On June 18, 1958, P-E A.G. Zurich
established - an Italian sales company
in Milan. Our new European sales sub-
sidiary will handle sales and service of

products manufactured in Norwalk and-
_at our British and German plants.

Dr. Gino Caroti,
Citizen of Florénce,
is manager of the

companies of P-E’s

roti, well known in
. . infrared circles,

Dr. Gino Caroti g4 died at the Uni-
versity of Florence and at Princeton. He
was previously in charge of the infrared

laboratory of the Stazione Sperimentale

per Combustible in Milan.

FREIBURG | INFRARED- COURSE

‘Under the direction of Prof. Dr. R.
Mecke, an introductory course to prac-
tical infrared spectroscopy will be held
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Milan office, one of .
several "affiliated:

European sales or-
ganization. Dr, Ca-

at the Institute. for Physical ‘Chemistry
of the University of Freiburg im Breis- ..

" gau from October 21-28, 1958. The
-course will consist of both lectures and
_ laboratory work and will cover general

theory, instrument design and operation,
use of accessories, interpretation of
spectra and other related -subjects, in-
cluding Raman and microwave spectro-

_ scopy, and the use of gas chromatogra-

phy in combination with infrared. Those
interested in participating are requested. -
to contact Prof. Dr. R. Mecke before.
September 15, 1958, at Hebelstrasse 38,

‘Freiburg i. Br., Germany. The number -

of participants is limited.

Dealer Seminar L .
* Perkin-Elmeér A.G. held its first deal-
er seminar on June 10-13 at the Zurich
offices. Attending were most of P-E's.
European dealers and personnel. from

‘the Company’s sales subsidiaries. Plans
were discussed for streamlining cus-
tomer services and there was a_general

orientation program on instruments and - -
applications. H. H, Hausdorff and V, J.
‘Coates, (Norwalk). assisted in the pro-
gram.



“Bodenseewerk N
Instrumentdtion Course

Bodenseewerk Pérkin-Elmer G.mbH. V "

conducted an instrumentation course the

week following the seminar (June 16-

19) in Uberlingen. Attendees included
twenty-two of our German- customers
as well as P-E personnel. The program
covered the operation .of Perkin-Elmer

instruments, sampling techniques and -

general background information on in-

" strument -self-service. BSW hopes- to

make the course an annual affair. -

FIFTH OTTAWA SYMPOSIUM
ON APPLIED SPECTROSCOPY

. The Canadian Association for Ap-
plied - Spectroscopy will hold its Fifth
Symposium on September 15-17, in the
Lecture Hall, Victoria Museum, at Met-
calfe and MacLeod Streets, Ottawa,
. - Ontario. Registration will begin at 8:30
. Monday morning, and the first paper at
9:05. The symposium dinner will be
held Tuesday- evening at the Quebec
Suite of the Chateau Laurier. ‘Inquiries
should be addressed to: s

. Mr. W. J. Wright
" Program Committee

Fifth Ottawa Symposium for Applied -

. Spectroscopy
¢/0 Noranda Copper and Brass, Ltd.
P. O. Box 1238, Place D’Armes .
Montreal, Quebec.

Spectrophotometres Infrarouge

et Chromatographie -en
Phase Gazeuse

Perkin-Elmer France S.A.R.L., P.E’s
- sales and service subsidiary in Paris, ex-
+ hibited a Model 21 infrared spectro-
photometer and Model 154-C Vapor
Fractometer manufactured at Perkin-
Elmer Bodenseewerk ‘G.m.b.H., and a
Model 137 Infracord® spectropho-
tometer manufactured at Norwalk, at
the Paris Physics Exhibition in April.
M. Vassy is Sales and Service Manager,
and M. Derazey, Office Manager, of
the French company.

INTERLUDE AT THE ACHEMA

Appendix: IV

- Hausdorff;. Director of Sales,” Interna-
: _ L tional Qperdtions, Norwalk "and - Al
"Amid escargots and wine, J. WO]ﬁ,» Loew, Service Manager, Fra_nkfurt’ got
Sales Manager of P-E’s' Frankfurt Of- together in June at the Briickenkeller in ,
fice, Vincent J. Coates, Manager of Ap-  Frankfurt following the arduous day’s
plication Engineering, Norwalk, Harry activities at the show. - e

P-E at the Olympid_

April'wusﬁ busy month for l.’evr'.kin-Elm-er's foreign subsidiaries and sales offices, with exhibits
at Brussels, Milan, London and Paris. Above is shown our booth at the Instruments; Electronics
and Auvtomation Exhibit in London on. April 16-25. )
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VOLUME 43, NUMBER 11 | "NOVEMBER, 1953

‘Design and Performance of an Infrared Microscope Attachment* =~
. ViNcENT J. ébAn:s, Ase Ortm,“’)»eyfn E. H. SisoLer, Jx. '

The Perkin-Elmer Cor poration,
(Received July 3, 1933)

An’infrared microscope employing reflecting optics bas been
designed’ and constructed as an attachment to Perkin-Elmer
single beam spectrometers, It is mounted after the exit slit of the
monochromator in the dispersed beam to minimize possible

heating and’ photochemical effects in the: sample, Thé normal

macro functions of the spectronieter are not discupted by the-
addition’ of the microscope, Convenient macro-micro conversion
is provided, - . -

The condenser and objective pair, which are of t'h.e Schwarz- -

schild type, operate at a numerical aperture of 0.75 with a 0.4 ob-
scuration ratioand are designed to provide optimum imagery in the
infraved region of the spectrum. The condenser forms an image of
the exit slit at the sample space reduced 8.5, and the objective
provides a 25X enlarged image of the sample 'at an adjustable
diaphragm. A viewing ‘and manipulating system is provided to

orwolk, Conneclicsd

allow accurate positioning of small samples. The maximum field .
size is 0.650X0.220 mm. About 35 percent of the radiation avail:
able from the monochromator is conserved by minimizing the
number of reflecting’ surfaces and by utilizing field mirrors to -
provide efficient energy transler. The #adiation is brought to s
separate detector and preamplifier which are connected to the
amplifier and recorder of the spectrometer. T :
e minimum- sample size which can be efiectively studied
depéods on wavelength and is primarily limited by the available
energy. Minimum sample size and spectral dilution are discussed,
The infrared absorption spectra of Gbers, crystals, ind biological
tissue sections, as well as solutions in cells, of extremely small
volume, have been cbtained using this instrument, Perlormance
data are given and a figure of merit détermined. . -

INTRODUCTION

Elmer Models 12, 112, and 13 spectrometers has
‘constructed. The design aims for this instrument

were arrived at through consultation with potential .

* users of such equipment and by careful study of instru-
ments already in use in several laboratories. It was felt
. that by this means an instrument capable of application
to a variety of problems in a relatively new and expand-
ing field would be achieved.” . S

" The design requirements of infrared microscopes, or
more accurately infrared ‘micro-sampling attachmerits,
have been rather thoréughly explored in recent years
- and a number of systems
All of these instruments have the common property of
measuring, as a functicni of wavelength, the infrared
absorption of minute samples; The resulting absorption

spectra are similar to the infrared spectra of macro--

* $copic samples so thatthe well known applications of
infrared'*—qualitative analysis, quantitative analysis,
and molecular structure investigations—are possible.-
Infrared microscopes have unique importance where

(a) the amount of ‘sample is small, (b) the dimensions.

of the sample are small, and -(c) the ‘sample is in--

* Presented in part at the Ohio State University Symposium on -

- Molecular Structure and Spectroscopy, 1953, .
3 Barer, Cole, and Thompson, Nature 163, 198 (1949).
*R. C. Gore, Science 110, 710 (1949). o

+ Elliott, Ambrose, and Temple, J, Sci, Instr. 27, 21 (1950)..
Blout, Bird, and Grey, J. Opt, . Am. 40, 50).
L' Wood, Rev, Sci. Insir, 31, 764 (1950,

*R. D. B. Fraser, Discussions Faraday Soc, No. 9, 378 (i950).

'E. R. Blout and G. R. Bird, J. Opt. Soc, Am. 41, 547 (1951),

'R M. Badger and R. Newman, Rev. Sci. Instr. 22, 935 (1951).
H, Cole and R. N. Jones, J. Opt. Soc. Am, 42, 348 (1952).

. Hall (private communication), -

1 G. A. Contos, Ph.D. dissertation, Columbia University.

B C. S. Rupert (private communication). -

vy, zZ. Williams, Rev, Sci. Instr, 19, 135 (1948)..

« a5
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have been -constructed.*-*-

homogeneous. As little as 0.1 microgram: of sample ini .

A' AN infrared microscope attachment to the Perkin-- the field of the microscope can- yield useful spectra, ' - -
been

Samples which have been studied-using such equip-
ment. include. natural and synthetic fibers, single

- crystals, biological tissuesections, and bacterial cultures. .

Instruments of this type allow -the study of liquid
extracts. and ‘solutions in cells of extremely “small:
volume.  Some work has been done using compounds.

-Separated by chromatography. Recently a techniquettts . -

for comipressing finely ground samples .mixed with
potassium bromide powder into optically clear pellets

of optimum dimensions has created interest and appears . .

to be a useful sampling procedure for infrared micro-
spectrophotometry. Polarization effects permit investi-
gation of molecular orientation in . dichtoic samples..
. . DESIGN S

The infrared microscope attachment has been_ de- * -
signed to yield infrared spectra of minimum size
samples. Figure 1 shows theé prototype instrument
mounted on a spectrometer. . S
The arrangement of optical parts_is indicated in
Fig. 2."Energy from the exit glit of the monochromator

-is incident on a field mirror which directs it upward and

forms a reduced image of the’ pupil of the mono-
chromator (the Littrow mirror) near the convex mirror
of the condenser. By this means radiation from the
entire useful slit is directed to the condenser. The
condenser forms a reduced image of the exit glit at the
sample space and at the same time reimages “the

Littrow mirror near the center. of curvature of the

objective mirrors. The objective collects the energy
which has passed through. the sample and forms a
magnified. image of the: sample at an adjustable dia-

U U, Schiedt, Z. Naturforsch. 76, 210 (1'9525. .
% M, M. Stimson and M. J. O'Donnell, J. Am. Chem. Soc. 4,

1805 (1952).
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phragm. The energy then passes to.a second field
mirror which forms an image of the Littrow niirror near
the center of curvature of the thermocouple condenser.
The thermocouple condenser forms a reduced image of
the slit on the thermocouple. = . o

The condenser reduction is about 8.5, the minimum
required to fill the aperture of the objective with radia-
tion from the spectrometer, The maximum sample area

is 650X 220 microns which corresponds to a maximum - .
slit height of 3.4 mm and the maximum slit width of

2.0 mm. The sample image at.the adjustable diaphragm

is' magnified 25X. A viewing system consisting. of 4.
. transfer lens and 4 7X eyepiece can be used to observe

the image of the sample at the adjustable diaphragm
by moving the viewing mirror into the light path. The
diaphragm is adjusted to frame the sample while the

sample is being observed at 175X magnification." An

image of the exit slit is provided.in the sample space

by an auxiliary diffuse light source so that the sample

may be accurately centered.

- F1c. 1, Infrared microscope attachment prototype mounted
ona Perkin—Elm_et Model 112 spectrometer.

The system is éomposed entirely of reﬂecting elements.

S0 it is free of chromatic aberration. In addition, the
useful wavelength range is not limited by absorption
In refracting elements. - ' :

. Infrared microscope attachments have been placed
In two positions in the spectrometer: 1. Between the

source and the entrance slit of the monochromator. .

2. Between the exit slit of

the monochromator and the
detector. : ' :

A In tl.me first case, the 'undisperse'd radiation of the
- Source is coridensed onto the sample. This necessitates

the use of special techniques® for samples which are
Sensitive to heat or photochemical effects. The present
microscope has been placed in the dispersed beam

~Jetween the exit slit and the detector, thus avoiding
this dl_sadvantage. ’ . . :

he objective and condenser each consist “of two .

Spherical mirrors of the Schwarzschild type.'* When
————— . . . )

" C. R. Burch, Proc. Roy. Soc. (London) 59, 41 (1947).
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_F16.-2. Schematic optical layoﬁg.'
 such a system is monocentric and used with its puﬁil at
the common center of curvature of the two mirrors, the
image is coma-free and stigmatic. The useful field that

" can be covered by this fori of objective is limited only

by the field curvature and vignetting. The obscuration’
ratio of such systems is relatively high, but it can be
shown'? that the principal effect of this is to throw .

- energy from the Airy disk into the first- bright ring
of the diffraction pattern. Since increasing the numerical

- aperture reduces the diameter of the diffraction pattern,

high obscuration ratio can be compensated for by large
numerical aperture. Thus with an objective of numerical
- aperture ‘0.75 and obscuration ratio 0.4, 80 percent of
the energy in the entire diffraction pattern is within a
- circle whose diameter is 2.3\. With an objective of
-numerical aperture 0.6 and obscuration ratio- 0.2,°80 -
percent of the energy in the entire diffraction pattern -
js again within a circle whose diameter is approximately
2.3\, Despite the larger obscuration ratio, however, the
greater numerical aperture of the first objective enables .
it to collect 40.percent more energy from a given area
than the second. o e e
.The focal length of the objective was determined by
the desired working distance. The numerical aperture.

. . was then set as the maximum which would result in a

departure of the wave form from sphericity by one- -

quarter. of a wavelength-at the short-wavelength end of
" the infrared region. The numerical aperture of the'
objective is 0.75, and its obscuration ratio is 0.4. The
focal length is 8 mm and the working distance is 14.9
mm. In combination with the large condenser. this
results in a total available space of 32 mm between the -
objective and condenser mounts.

The objective has been designéd for ~optimuni

1T, Dunham, Jr. (private communication).




COATES, OFFNER, AND SIEGLER'

TasLe I. Guide to minimum sample area..

r————

- Sigoal/

noise . . : foa
‘Wave- T . Spectral. Sample .
I‘::;;Qh (P;e‘a%o, coil':teanl liﬁ:ldlh Length wmfh © -Area
M 19 2lsec 3Mcem™t - 1000 . 6x 6002
4 16 21 20 100 - 8 800-
6 19 21 12 . 100 17 - 1700
8 19 21 6 100 - 25 2500
10 18 21 32 100 35 - 3500
12 16 21 3 - 100 80 -5000 -
14 13 21 37 100 100 10000

performance in the infrared region of thé spectrum and -

in this region its performance is limited essentially by

diffraction. At a wavelength of 3 .microns it will form

an image of a point source in which 80 percént of the’
‘energy is within a circle whose diameter is 7 microns. -
At longer wavelengths, the diameter of ‘the “citcle

increases linearly with the wavelength. '

In the visible and ultraviolet regions, howéver, the
.. wavelengths are small.compared to the residual spheri- -
.cal aberration of the obijective.so that this aberration

- limits the performance. In these regions the objective
-design indicates a concentration of moré than -85
percent of the energy from a point source within a
circle whose diameter is 11 microns. R
The image of the slit formed by the thermocouple
condenser falls at an accessible point in space. Use of
this Cassegrain-type condenser permits the substitution
- of photoconductive cells, photomultiplier tubes, or other
. types of detectors in place of the thermocouple if they
are required. - ' Sl
The optical design allows 5.4 mm of the slit height
to be utilized with the microscope. Since this is about

thermocouple target was reduced by a factor of two-
with a resultant gain in the thermocouple detectivity.
The optical elements are mounted on a convenient’
-.and stable mechanical system. Focusing and locking
- adjustments are provided for the objective. Positioning
of the sample is accomplished by coarse and fine.
focusing adjustments, rotation of the stage and x and y
* translation using a mechanical stage. The ilhiminator
. and viewer allow accurite and reproducible positioning
of the sample. The adjustable diaphragm, used to
testrict the field to the area covered by the sample, is.
rectangular in shape and its length and width are
independently and continuously variable. At this point
there is also available a slide which allows insettion of .
special diaphragms cut as masks for irregularly shaped
. samples, . S o S
The microscope attachment is mounted -on the.
monochromator cover. It.is designed so that all the
standard macroscopic functions of the spectrometer-are .
preserved and the change from macro-to-micro opera:
tion may be made quickly. Access is provided for easy
prism interchange. In addition, provision is made for
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s ﬂuéhing_ the optfcé.l path with dry nitrogen to reduce

CO: and water vapor absorption.”
' SAMPLE SIZE AND SPECTRAL DILUTION

There are two fundamental points which should be
mentioned in discussing the operation of a micro-

--spectrometer. The first involves the size of sample

necessary for obtaining useful spectral data, while the
second concerns the purity of the radiation striking the
rhicrospectrometer detector. o

* In practice, sample size is restricted by limitations

of both thickness and cross sectional area. The thickriess
 of a particular sample is restricted to a certain range in -

order to obtain-the proper strength of infrared absorp-

_tion. The required thickness is almost the same as for

macroscopic work, very frequently being :about 25
microns, a convenient value for infrared microspectro--

* photometry. The minimum sample area is that required

to provide sufficient energy for satisfactory detection.

-A variety of factors affect this energy, somie determined

by the instrument and others set by thie operator. The
instrument fixed: parameters are (1) source brightness,

" (2) optical geometry, (3) trahsmission efficiency of the

optical system, and (4) detector detectivity.

- It can be shown that for & well designed system and-a
fixed set of operating conditions, the minimum sample
area is inversely proportional to the source brightness,
the transmission efficiency, the detector detectivity, -
and the square of the efective numerical aperture of
‘the microscope objective. These relationships show the

" importance of using as large a numerical aperture as

possible; of increasing detector detectivity, and of
optimizing transmission efficiency, all of which have

half the macroscopic slit height, the- height "of the ~been done’in the -present instrument. A significant

decrease in -minimum sample area cin be made by
using a high ‘intensity infrared source (carbon arc;'*
zirconium arc,” or tungsten glower¥) although as yet

- this .has not_been incorporated in this instrument.

‘Additional reduction in sample size may be realized by

employing photoconductive detectors in their limited
" spectral ranges. :

The operator must strike a compromise between (1)
.cross-sectional area, (2) amplifier band pass and thus
.scanning rate, (3) signal-to-noise ratio, and (4) spectral
résolution, B :
~ For any instrument, the minimum- sample area is
directly proportional to the square root of the amplifier

~band pass, directly proportional to the signal-to-noise

ratio and inversely proportional to the spectral band

“width, The ability to adjust these quantitiés enables

‘the operating coniditions to be chosen so they are best
for each particular sample. = - '
Because of the variety of factors effecting energy

discussed above and their variation with wavelength. -

no single minimum sample area can be stated as.the

t. Soc. Am, 40, 455 (1950)
1* M. B. Hall and R, G. Nester, JJ, t. Soc. Am. 42, 257 (1952)
® Taylor, Rupert, and Strong, J. Opt. Soc. Am. 41, 626 (1951)

i
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limit even for a smgle instrument. Nevertheless, for
all infrared microspectrometers so far constructed, it is

possnble to choose a set of reasonable operating condl- :
tions and find that the sample area required to pass an .

adequate amount of radiation throughout the infrared
range is conslderably larger than the ultunate limit on
sample area which is imposed by diffraction. -

It is possible therefore to assume a particular set of

operating conditions for_the present instrument and to
state the area limit for these conditions. This has been
done here in order to provide a guide to minimum
sample area. Obviously other “limits” would obtain
. with a different choice of operating conditions. It should

dlso be emphasized that these values pertain to the
present experimental setup and could be improved as .

mentioned- above. The data which neglect d\ﬂ'rachon
effects are given in Table 1. :

If the energy reaching: the detector is reduced by

scattering at the sample, reflection losses at the surfaces
* of a sample mountmg slide, mtroductnon ofa polanzer,

5 o o emaaNk
£ a0 234 WRES  geag 2ERO)
& ", NRTR | -— e
s 2 0 . 10 9 8u
. . WAVELENGTH .
] . 1
8l B‘.'ANK J\
£ h\ ‘|1" zsu WIRE
g ,zgm 7’\ 20 ; 2eR0 " 2eRgf
HE 3
4 Ju
. WAVELENGTH

Fic. 3. Tmpurity radmuon No sample was used for, the back-
ground run while a 23y diameter wire was placed at the sample
ition for the dilution test, The diaphragm was set for an open-

mg 15X 650u. )

or by any other cause, adjustment of operating COﬂdl-
tions is requu'ed to offset the loss. -

The question of the purity of the radiation reaching
the detector will now be discussed. If the sample does -
not cover the entire field of the microscope, some -

radiation will reach. the detector without being sub-

jected ‘to absorption by the. sample. This radiation-

“dilutes” the spectrum and miy be termed impurity
radiation. Dilution of the spectra can result not only

from sample misalignment, but also from the diffraction

~ and aberrations introduced by the objective.

Consider a point source at ‘the sample plane. At the
Plane of the. diaphragm the energy from the source will

not be concentrated at one point, but rather will be
Spread over an area.as a result of the diffraction and
the aberrations of the objective. If, now,. the point
~Source is situated just beyond the edge of a sample
and if the diaphragm is closed down so that, the sample
is just framed some radiation from the point ‘source
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samples such as fibers. a‘

. \

| TRANSHISSION ~mae

~ CORTEX

i . . MCTIONS 13 Twicx
"wo- . R - Cose T ee - Lop
P WAVELENG IR

Fic. 4. Tissue spectra, Reglons of the cortex and the medula
of the mlmnal rat adrenal section mounted onan AgCl sllde served
as samp es, . .

‘will pass through the dmphragm opemng and wnll

constitute dilution.
The reduction of such impurity radiation is especnally
important for quantitativé work mvolvmg long, narrow
fhis infrared mlcroscope pro-
vides for such reduction. in several ways. The viewer
system allows" precise ahgnment of the slit unage,
sample, and dlaphragm opening. The dlapl\ragm is

“ . adjustable so that it can be made slightly smaller than .

the sample image. The large numerical aperture of the
objective reduces the size of the diffraction pattern.
The objective-is free from coma, astigmatism, and
chromatic aberration. The- spherical aberration is § .
wave at the short-wavelength end of the infrared
spectrum "and becomes negligible at long wavelengths.
“The dilution for the case of a long, narrow sample was
measured using a wire 234 in diameter at the sample
space. The diaphragm was set to an opening -15u wide

“"and 650y long. Figure 3 shows the background energy
~and the dilution which occurred with the wire in place. -
"The dilution - increased with wavelength as is to be

expected from the enlargement of the diffraction pattern
and from the increase in the width of the illuminated
field as the slits were; progresswely opened. In this -

" extreme case, the’ mpunty radiation was 1 percent of '

the incident energy at a \\avelength of 2, 4, and 6y, .
2 percent at 8u, 3 percent at 10, and 5 percent at 124,
With . wider samples the dilution becomes negligible.

PERFORMANCE

The \\ork reported here was performed. with lhe
infrared microscope mounted on a Perkin-Elmer Model -
112; single-beam, double-pass spectrometer.  Th:
standard globar source, a 60° NaCl prism, and the
usual amplifying and recording system were used. The
detector was a Perkin-Elmer small target (IXO 2 tm)
thermocouple designed for  use with the microscope.

‘Using the full field of the microscope and identical slit

The -
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_' spectrum and the recording. time was again 15 minuites.
It is shown by the complete CS, absorption at 6.5u
that no observable dllutaon occurs thh this size sample.

Crystal Spectrum

M ela-nitrochlorobenzene was wused to obtain a
crystal spectrum primarily to illustrate the use of a
silver chloride polanzer in conjunction with the micro-

scopé. The standard six sheet polarizer was- inserted .

between the source and the monocliromator. The
sample was rotated 90° between the running of each of
the spectra shown. Matked dichroism'indicating bond
onentatlon may be observed.in the figure. While the

crystal ﬁlled the field of the mlcroscope, a d:aphragm '
of I§9X650n was used.
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FUBLISHED BY THE EMPLOYEES OF THE PERKIN.ELMER CORFORATION

R. A. Deevey Appointed
- Director of Indusirial
Relations
The appointment of Robert A. Dee-
vey as Director of Industtial Relations
was announced in November by T. F.

Talmage, Administrative Vice President.-

M. Deevey joins P-E from Coatinent-
al Can Company where he was Manager
. of Industrial Relations for the Fastern

Metal Division. Before joining Conti-

nental Can in 1945 he was with Curtis . -

Wright Cotporation.

M. Deevey was educated in New Eng-
Jand at the Mount Hermon School in
Massachusetts and Wesleyan University

in Connecticut. He is married and has .

three children.
Reminder —

Keep Saturday, December 16th ;pen.'

Plan to take your children to the EAA
Children's Christmas party. Details  on

page 2,
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HALLEY MOGEY INVENTION GAINED EARLY RECOGNITION

Historical note on Perkin-Elmer
By SAMUEL S. Cross, Jr.
Secretary and General Counsel

_In an unassuming way, November 28,

1961, marked a tuninig point of an era for .
Perkin-Elmer. On that day United ‘States"

Patent No. 2,363,544 expired, thus plac-

. ing in the public domain Halley Mogey's -

invention of a block for finishing roof
prisms. ' o
Roof prisms occupy a special place in

. the history of Perkin-Elmer. It was

through them that accountéd for the Com-
pany’s first recognition in military circles.
The roof prism was designed in the 19th

century by the Italian astronomer Amici - -

and has the quality of inverting an image

- without revetsing it. At the same time, it

will deviate the line of sight through a
desired angle. The critical dimension is
the 90° “roof” angle. :

As the shadows of war approached in

Construction Underway
For Atomium Plant -
Construction is underway in Billerica,

" Massichusetts for a 12,000 square foo
plant for. our affiliate company, the Ato-

mium Cotporation, .

'P-E recently purchased a -seven and
one-half acre site in Billercia, The Ato-
mium plaat is being built on two actes,

while the balance of the property will be’

used -for future company needs. -

The sew Atomium plant is scheduled
for occupancy in April, 1962. The com-
pany currently occupies a plant in Wal-
tham, Massachusetts for the design, devel-
opment and manufacture of nuclear in-
struments. ' '

67

1940 the Army began to order such ele:
ments in quaatity for use in artillery op: -
tical instryments. Procurement -officérs,
learning -of the Company's .achievement,
encouraged a move in the fall of 1941
“from jes humble cellar headquarters in
Hoboken, New Jetsey to'a new plant in
Glenbrook, - Connecticut, built by the
Company. . B ) .

IOctober, 1941 thirty peérsons were .

- employed in the Glenbrook piant. In the

“front office” were Mt. Perkin, just turned.
35, his eldetly “partner” Mr. Elmer, and
- Evvie Connors, now Mrs. Graham Wall-
ace. Iloyd McCarthy, age 30, and Dick .
Kinnaird, age 29, were the optical.de-
signers. Ted LaLime, then also 29 (now
on leave of absence), was foreman -of the -
(Continued on Page. 8)

_ Halley Mogey, examfkiing an 18-inch shell .
for a Super-Schmidt Meteor Camera.
e .




First of Three Company
Yule Parties a Success

Two-hundred seventy five couples at-

tended the first of the three company
Christmas parties at the Longshore Coun-
tty Club on Friday evening, Decembet

" 1st. Many hailed the party as the most
successful since P-E began sponsoring the
evening several years ago. Music for
dancing for the parties is being provided
by Guy Masella’s Orchestra,

. The second party will be held on Satur:
day evening December 9th for E-O Egp-
gineering and Research, International
Operations, and the Legal, Public Rela-
tions, Market Research, Industial Rela-
tions and. Purchasing: Departments, The
final party will be held on Friday even-
ing, December 15th for the Instrument
Division and Plant Engineering.

According to Jack Dietter of the In-

dustrial - Relations Department, who is
coordinating thie parties, reservations are
_ still being taken for the December 15th
‘party for employees who wete unable to
attend on the evenings scheduled for
theit groups.

Werner Woschetzky Heads |

Vernistat Design-Drafting

- Wernér Woschetzky was recently ap-
pointed Supervisor. of the Design-Draft-
ing Section of the Vernistat Division’s
Engineering ‘Department. Before joining
P-E, Wetner had been Chief Engineer

.and later ‘Assistant General Manager of .°

American Powered Metals Company. He
‘holds a degree in Mechanical Engineer-
ing. , )

(Continued from Page 1) ~
Grinding Room with six grinders includ-
ing Art Harman, Halley Mogey, age .33,

‘'was foreman of the Polishing Room with

six polishers, including- Jack Roos, Ed

Best, Al Van Sickle and Johnny Esposito. -

Ted Talmage, then 24, was also with the
firm, engaged in accounting work, Within
two years the ranks had swollen to 140
petsons. '

Shortly after. inox}ihg to Glenbook, a

patent application on Halley’s invention -
* was filed and assighed ro Perkin-Elmer. It

covered use of a triangular block instead
of a rectangular one for grinding and

_polishing roof prisms. The block was thin

to provide a low center .of gravity to per-
mit machine fine-grinding and polishing.
One side of a prism. roof was optically

contacted with a polished side of the’

block and auto-collimated light- from the

top face of the bLocIc was used for t_&sting. :

angular‘accuracy. "
Does this soind old hat? If so, put

. yourself back twenty years in the art and

take another 'look. The invention and
allied techniques represented a  major
break-through in the domestic industry

and permitced the manufacture iz pro-
duction quantities of optical. elements -
equal to or better than those then available;,
only in Germany, Perkin-Elmer pursied a -

liberal licensing program, which. has
marked its policy ' to - present day. It
granted to Bausch & Lomb and to Keu-
ffel & Esser toyalty-free licenses under its

techniques for the duration of the na- _

tional emetgency.
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 Historical Note On Perkin-Elmer

The roof ptism finishing block was not
the fist Perkin-Elmier -invention to - be-
patented. Neatly two years earlier (and
dnly eight months after incorporation: of -
Perkin-Elmer) an application was filed
on Lloyd McCarthy’s design of a lens. ob.-
jective for periscopes, range finders, tele-
scopes.and similar putposes. -That patent
expired three years ago, ' '

In May, 1942 George Brueske (now an
E-O consultant) joined Perkin-Elmer as.

- an optical instrument designer, He -soon
-designed a range finder which became the -

subject of two patents which will expire -
next June. Two years- later,’ Jim Baker
(now an: occasional consultant) began to .
design lens systems. for the Company.
These two men wete responsible for intro-
ducing Perkin-Elmer's second" era . of
growth into systems and instruments,

:Ollt friend above, ’thouéh in solid finan-
cial shape for Christmas, has- resorted to an
old fashioned means of saving. A less fisky .

and more convenieit way to save for

" Christmas shopping is through the ‘Credit

Union_ Christmas Club Plan. Stop by the
CU oflice to find out how you' can join,

Youngsters Have Their Say . . ..

Heired -

While touring the piamf with members of his Cub Scout
Den, a nine-year-old was asked by a tour guide if he could
explain what a prism is. ) S '
" His reply: “It's a place where they keep bad men.”

* * *

An EO Division engineer was fecently invited by an area-
. junior high school to speak to-a class on the Solar System.’

Dressed in a charcoal gray suit and weighted down with a

slide projector, attaché case and other material for his talk,.
* the P-E speaker entered through a tear door of the classroom.

Before he could step to the front of the room one of-the stu-
dents, in-a loud whisper, asked him if he was the speaker. The
P-E engineer replied in the affirmative and added that his sub-
ject was the sun. Satisfied with the answet, the student turned
to the boy seated niext to him and explained, “See! T told you
he wasn't a magician,” : :
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11¢h,

Bob Prescott, E-O- Accounting, a son, Edward Stephen, -
November 2nd. . _ ‘ '
Gerhard Koch,” E-O" Polishing, -a son, Gethard, October

Ed Latson,VID Manufacturing, a &aughtet, Diane kuen,
October 29th, D ' '

" "Walé Duchatme, ID Final Test, a son, John Atthu, Octo-

ber 26th. ' : S

“Tony Patricelli, Shipping,.a daughter, Jacquelyn Lynn,
October 17th. o

Ed Orleman, B-O Machine Shop,-a daughter, Lori, No-
vember 11th, - : .

Stan Szamatulski, Vernistat. Division, & son, David

" Michael, November 4th, =~ = -

L _ Paired .
Connie Green, ID Marketing, to Dom Pasquale, E-O Pro-
jector, November 25th, ' -




lnternahonal Sales Meeﬂng Held at Perkm-Elmer Ltd.

Representatlves from European sales
oﬂices and manufacrunng sites and In-
ternational Operations in Norwalk at-

tended an International Sales meeting at .

“Perkin-Elmer Liniited, Beaconsfield, Eng-
land from October 25th through the
.27th, Dr. Desmond Orr, Sales Manager

" of P-E Limited conducted the meetings.

.Much of the discussion concerned the

l’nterdatwnal Sales meeting’ #\ progr
*¥Vince Coates, 10 Norwalk;

‘new analytical instruments introduced b‘y ’
‘Perkin-Elmer in- 1961. Prior to the meet-
-ing, a training course was presented to

the salesmen on the new Nuclear Mag-
netic Resonance Spectrometet, which is
being produced at Beaconsfield. ' The
course was conducted by Dr. John Leane,
one of P-E Limited’s NMR. experts.

: —Don Lawsence, P-E Ltd.

from bottom left and contmumg clockwise—
'no Caroti, Milan Sales Manager; Dr. Guenter Raupp,

Frankfurt Applications Engmee s Ralf Jutvik, Sales Manager, Sweden Office; not identi-
fied; A. Ralph Gilson, Managing Director, P-E Limited; Paul Strauss, 10 Norwalk; Dr.

Peter Zoller, Sales Manager, Zus

ich Office; Guenter Schalkhammer, Zurich; Jean Cayron,

Order Sufpelt;vnson-, Paris Office; Igor P. Vassilieff, Paris Office Manager; Mr Ritter, - Di-
T

oduction, - Bodensee

verk; Alfred Loew, Export. Manager, Bodenseewerk;
August Heinzle, Managing Directér, Bodenseewetk Franz Nies, Bodenseewerk Sales Ad-
ministrator; Dr. Dietrich Jentzsch, Gas Chromatography Development, Bodenseewerk.

‘Projector Leads P-E

Men's Bowling League
Projector maintains a- narrow lea

the P-E Men’s Bowling League with a

32-12 record thus. far. ID Engmeenng

holds second place with 29 wins and 15

defeats. Below is a te-cap of léague stand-

ings to date and individual leaders, pre-

pated by Dick Ward, leo.gue secretaty.

Projector ............... 32 12 727
LD. Engineering ............ 29 15 659
Post Road No. 1 ........... 27 17 614

"~ Polishing ........ccccooenrnn. 22 22 500
Electronic Assembly .. 22 22 500 -
Sheet Metal .................... 20 24 455
E-O Model Shop ....... v 1925 432

* Post Road No. 2 ............ 18 26 409
Westport Ave. ........... 17 27 .386
E-O Assembly ............... . 14 30 318

High single games: Ben ‘Troidle, Pro-
jector, 227; Ronald Kupan, Projector, 213,
and Ted Taylor,
High three: Ben Troidle, Projector, Bob
Dulin, LD. Engineering, 580; John Hayes,

“Westport Ave, 553; Ted Taylor, E-0
Model Shop, Ronald Kupan, 525.

E-O Model Shop, 207.

Thanksgwmg Dance
Draws Capacity Crowd
-Yaddins Tertace in Stamford was filled
to capacity on Friday evening, November
17th, as employees, their husbands and

- wives and friends dttended the Thanks- .
- giving Dance sponsored by the Employees
Activities Association. ‘The successful

affair, one of two dances sponsored by the
EAA during the year, was arranged by
EAA President” Len Patricelli and the

R EAA General Committee.

E-O Division Grouﬁs |

Move To Wilton Plant

Employees of the Electro-Optical Divi-
sion had an opportunity on Thursday,

'December 7th to tour the new South Wil-

ton plant, which is nearing completion.

-Some Division groups have already '

occupied portions of the second floot of
the Engineering building. Groups were
moved to the new modern facility during

.the previous weekend.
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" P-E Represented at-

Inter-American Meeting
Hatry. Hausdorff, Director of Market-
ing of Intérnational Operations, and
George Sigmund, 10 Sales Correspond-
ent, were in San’ Juan, Puerto Rico dur-
ing the latter part- of October for
the First Inter-American Conference of .
Chemical Engineers. ' B
In -addition to presenting techmcal '

papets at ihe Conference, Harry and

George manned the Perkin-Elmer booth -
(see photo). On display were a Model
154:D Vapor Fractometer and a Model
237 spectrophotometer. Harty read a

" technical -paper entitled -“Quantitative.

Aspects of Gas Chromatography,” which:

. was written by Leslie Bttre, ID . Applica-

tions Engineering, Georges paper ‘con-
cerned, “"Micro-Sampling . in - the Ultra
Violét Region,” authored by Tom Porto,
ID Applications Engmeet.

Confetence attendeés were. present. -
from Latin' America, South America, -
Puerto Rico and the United States.

Bill Snyder Assists with

School Weather Project

Some sixty eighth grade students at
Benjamin Franklin Junior High School ifi
South Norwalk récently conducted a proi-

_ect to learn how weather balloons are

launched; tracked and used by meteorol-
ogists to determine wind velocity and
direction. Bill Snydet, of B-O Engmeermg,
provided technical assistance on the proj-

-ect, called “Operation Weatherman”, and

operated a P-E alignment theodollte
Four helium-filled pilot ‘weather -bal-

-loons were launched. With data taken at

precise one-minute intervals, the angles.
of elevation and azimuth will be used by
the students to compute the distance trav-
eled by each balloon, wind velocity and
direction at vatious altitudes, and shifts in
wind during each flight.




INTERNATIONAL OPERATIONS = , -
- ‘Hitachi Perkin-Elmer,; Ltd. 'MeeinZs Held in Japan

In Odober, an- official reception was.

. held in Japan to recognize the formation

of Hitachi Pérkin-Elmer Limited (HIPE), -
a new company jointly owned by Perkin--
Elmer and Hitachi, Perkin-Elmer, Limited, -

of Tokyo, Japan. Hitachi ranks as Japan's
largest industrial company, and manufac-
* tures among other products, a broad line

tachi Instrument Division.

At the reception at the Hitachi Mejiro. Club, gaests were
greeted by, from leftto’ right, Aki Hotta, Director and Vice ..
President of HIPE and Director of Japanese Opérations for
. International Operations, Mr. Kurata, Hitachi President, Mr.
and Mrs. Perkin, and Mr. Kaiwa, who is Chairman of the Board .
;i;idl’tesident of HIPE, and Assistant- General Manager of the

of e,lect'ticalA and electronic products in-

cluding laboratory instruments for chem- -

ical analysis. - :

Under the tetms of the HIPE agree-
ment, Perkin-Elmer and Hitachi ate co-
operating on the research, development,
manufacture and sale of analytical instru-
ments throughout the Free World. Hita-

. .of Japan.

"

_ Mr.. Perkin.

to establish a firm working relationship. The photo a
conference on instrumentation at Hitachi’s Naka Works. At the left from

Mr. Perkin’ and Mr.
are photographed together during ‘the HIPE reception. ‘The
reception gave Mr. Perkin his first opportunity to meet officials
of Hitachi as well as industrial, civic and commercial leaders

Appendix: IX

chi and Pérkin-Elm‘er and their affiliated.

" companies may cross-license one another -

for manufacture of scientific instruments

. in their respective countries and for sale

of such instruments throughout the world.
‘Photographs below depict activities .

during the HIPE reception and technical

conferenceés held in Tokyo in October. - -

A

Kiurata, President of Hitachi, Limited,

P

1

On the lighter side, -anglers tried their luck to the -
rear. of the Hitachi Central Research Yaboratory. The
fish happened 6 be biting on that particular day as
each fisherman pulled in a trout. Baiting hooks or

wating for .a nibble are Vince Coat
Director of HIPE, Mt. Karwa, Hank Brockschmidt and

‘Dr. Tadano, a

“Technical programs were discussed in detail by re&:_ae:imtives of the. two companies

ve was taken during a technical
orwalk are

Nate Brenner, Vince Coates, and Heinie Kessler. In the: right foreground at the ‘table are
Aki Hotta and Dr. Makino, a Director of HIPE and Director of Hitachi’s Scientific Instru-

ment Group at Naka Works,
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ll v Olaims.
*This invention relates to. differentia.l knob de-
- vices used. for rotating an element, such as a
.shaft, 'and indicating the full tums and frac-

I 1a havlng a perlpheral bearing surface 110,
which is eccentric to the central bore through the

- bushing. The bushing is also provided with a pair

tiona.l parts of a turn, through which the element -

is moved. More particularly, -the invention re-

" lates to a novel differential knob device, which: is

made of a relatively few. simple parts and can
be readily assembled and taken apart. The new

device may be advantageously employed in con- -

. hection with an instrument having an adjusting
shaft, which is rotated in the use of the instru-
ment and the position of which must be exactly

set and known, and a form of the device of the

invention for use in such an instrument is shown

in the accompanying dra.wing
In the drawing,

10

. member and threaded

Fig. 1 is o view, partly 1n elevation and partly .
in section on the line I——l of Fig. 8, of the new -

device;
: FiFig 2 is a sectional view on the line 22 of
g 1; . .
Fig. 8 is a top plan view of the device; and

. Fig. 4 i5s an exploded perspective view of the'

parts of the device.
The differential khob device illustrated in the
drawing is for use in operating the shaft (0 of

an instrument having & casing provided with a

front panel {{. The shaft 10 extends through an

20

of radial pins 18 and with an externally threaded
eﬁdffection 9 projecting beyond the end of the
sha, :
-A fine dial member 20 is mounted to abut the -
outer Tace of the coarse -dial member I5 and the
member 20 has a central opening, into which the
threaded end 19 of the.bearing bushing. extends..
The member 20 is engaged. by a headed clamp
screw 21. extending piich an opening in the
n the end section {8 of
the bearing bushing. The clamp screw holds the -
member 20 tightly. member {4 and holds °
member {4 against the base 12. ‘The end section
19 of the bearing bushing is internally threaded
and o stop screw 22, passing through a central
bore in clamp screw 21 and threaded into end sec-
tion 19, locks the clamp screw in place. The
member- 20 is provided with internsl radial slots

.28 recelving the pins {8 on the bearing bushing

and, when member 20 is rotated manually, it

" “causes the member 14, the bearlng bushing, and B
25 the shaf{ to rotate with it. .

opening in the panel and the device is mounted

-on -the exposed end of the shaft. The device
includes a base 12, which is of circular outline
and has a central opening for the shaft. - The

base 15 attached to the outer face of panel (i

- 'in any convenient manner and, in thé construc-
“tion {llustrated, the openings through the panéel

and thirough the base are internally thread,ed_._‘

30

and an externally threaded headed bushing {8 -

is turned through the panel opening and into the -

opening in the base, the tightening of the bushing
causing the panel to be clamped between the
base and the head of the bushing,

40

.A coarse dial member 14 has a cylindrical see-'
tion encircling the bage and an internal flange-

I§ overlying the end of the base remote from
the panel and provided with internal gear teeth

{6. In the construction shown, the flange and

the cylindrical section of member (4 are integral,
but, if desired, the dial member may be made of

& cylindrical section and an internal gear taking

the place of the flange and tightly fitting with-
in the cylindrical section.

The shaft projects through the coarse dial
member and a bearing bushing {7 is mounted
on the exposed end of the shaft and held in place .
by & set screw (8. The bushing has a section

72

60

85,

An external ring gear 24 Has an axial open_-
ing recefving the eccentric section {1a of the bear-
ing bushing and gear 24 has less teeth than there
are internal teeth on the flange 1§ of the coarse
dial member 14. The eccentricity of section iTa
of the bearing bushing is such that certain of
the teeth of gear 24 are always in mesh with teeth
16. The gear 24 is provided with one or more ec-
centric openings 24a and headed studs 26, one
for each opening, are passed through the open-
ings and threaded into bores in base (2. The

_portions of the studs lying within the openings in
. the gear are of substantially less diameter than

the openings, and the heads on the. studs lie out-
side the openings.” The studs thus permit. the
gear to be given an ecceritric motion, as the shaft
is rotated, and hold the gear agalnst axiel move- -

“ment.

The coarse dial member {4 and the fine dial
nmember 28 are provided with periphlieral scales 26,

© 21, respectively, and the finé dial member 20-may
be provided with a knurled peripheral section 28, .-

so that the member can be readily grasped and
turned. A polnter 29 overlies the scales and may
be mounted in place in an convenient. manner. In
the. construction - illustrated, - the base is formed
with a channel 80 between its inner face and
panel {1 and the pointer has an end turned at
an angle and extendipg into the channel. This
end of the pointer—is provided with an offset




2,658,305

portion 294, which snaps into an annular revess
381 in the radial surface of the base defining chan.
nel 30. ' - :

- Since the gear 24 has less teeth than there are

- - teeth 18 on the flange of the coarse dial mem~ 5

‘ber 14, the member (4 is rotated through & rela-
tively small angle for each complete rotation of
the bearifg buskihe 17 with theshaft,” Y6rexam..

. Dle, if there-are T2 tecth on the:fiange and 66-

teeth on the gear, the number of revolutiois of 10

_“Appendix: X .

Jection’ betng smaller than said opening, means

on the bushing engaging the fine dial member
and cornecting “the bishing and member for
rotation in unison, and means sttached to ‘the
bushing and clamping the. dial members to-
gether.and the coarse dial member against the.
bage. - . .
5..A difffrentidl knolydiylte~ Sorrrebiting a
shaft; whith  comprises~¢- Fase- Hevifig=an ex-~
ternal bearing surface and g central opening

the shaft required to produce a single revolution fop the passage of the shaft, & coarse dia] mem~

of member (4 is equal to the quotient.of.72.dle- .
vided by the difference bétween the number of-
teeth on the flange and om:thprgeny

. A
. equal to' 12, Each complete=rotition oPthefifres) 5«

dial member 20 thus results in 1 revoititibn-ofs .
the coarse dial member {4, The:scale 26.18; acs--
cordingly, selected in view of the number of gear
teeth on the .coarse dial member flange~and~on
gear 24, T 20
In thernew devicep therrobation of:. theoshafy;
by: theifine: dialaember: causes gear-24-to: mover -
Withr a.:webble: mobion;, and:. the: geay-is always:
Beldsin: place:by:ts conttetscwith ithereecentrie-

. bearing :surface (Ibvon besring-bushine: {:and: 95,

with the three studs 25. As the fine dia] ‘mems
ber: is: mtated;. gear. 242 moyes: smoothiy: and
continmusly:witmlittlm.onmbmkﬂa:shsandwther-
coarse:dial ‘members 1415 sturned: without retro~

gression: attamapoinﬁnﬁtmnth:tibm. 80: b

. Ticlaim: .

1: A- differential: knok deviee: for: retating: a:
sheft; which: comprisesta base: having: an: exs:
ternabbearihe-mmfaceands, centinlopeningafor.
e passage: of the: shaft). as.coarse dial memberr 35:
encircingsand:mounted for rotttion:one thehase:
amiHavihg an:ifterml flange-enzepite one end:
of tHe- base; the 1ainer:-edge  of tire: fange: belhg: -
providéd with- thtersral” gear: téetlt, afine: dinl:
member-engagihg-tie-outérsurface oftlie.coarse: 407
disl: member: and® havifig: & cemtral’ passage’
through' 1t} o~ Bushitne-within: saig: bassage-Have.
ihe -a-cential bore«for the shaft eantan-extérnal:
bearing-surfice-eecentiie: with:tHe=bore; an-ex=.
ternal ring gear of less<teetd tHan- the numben &
of-*téetti-on-sald ffange- Havihoson axialopening **
¢-bearihe-surfice: witiipart:
of'the:teeth- of* thesgear engaging: teetir.on: the: -
flange; the ring gear-Kaving el eecentric-opening:
paraliél to-{ts-axis; aprofection onthe base ems. 50"
terifg~ tife eccentrie- openifie- iy the- geary the: Y
projection being smaMer-than said*openihe; and:
means- attached "to- the- hishing * and* dlamping:
said dial members-together and ‘tlie=coarse: dial:
member- against- the- Hase: R 56

20 A . differentisl knob device: oy rotatihg a-
shaft; which- comprises: & base~ having: sm ex+
ternal bearing surface: snd a> centrads opening:
for. the passage-of ‘the shaft; o coarse-dial ‘mems-.
ber encircling-and monnted for-rotation-on the- 0

‘base and Having.an internal flange- engaging one:

end of the base, the inner edge of tie fiange-be-
ing. provided with.internal gear. teeth, o fihe
dial . member. engaging. the outer. surface of, the
coarse.dial.member.and.having, s, central passage. a5°
through. it, a.bushing within,said, bassage Liav-

ing a-central bore for.the sHaft.and an external’

" bearihg, surface eccentri¢ with the bore, an éx=

ternal ring gear, of.less teeth than the number
of teeth on said flange having, an-axial opening: 79-
receiving, the eccentric bearihg, surfice with: part-
of 'the teeth of thie gear engaging teeth’ on the
flange, the ring-gear-having' an- eccentrie /gats -

- dllel to its axis, a projéction on- thie-Vase entors-
- ihg the eccenttic opentig ih the-gear; the pro« 75
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<and mounted for rotation on the
base and having an internal flange engaging one
exdtofs thesbase;: ttexinner edge of the flange

her: enclreling,

Woitigprovided=witt? internal gear teeth, a fine
o S

r-engagihg the outer surfece of the

coaxsa.dial member. end having a central pase -

sage through 1t, a bushing within sald passage
hevifig~a-central bore for the shaft and an ex-
ternal bearing surface eccentric with the bore,
am: externali rings geary ofs less: teebir: tham, the

numberrofzteeth-onssaid flange:having:an:axtsl :

opening:receiving the eccentric:bearing: surface:
with: parts of: thie: teeth- of. the: gear:r engaging:
teethe om: the: fiange;, the: ring; gear- having;:atr:.
' el'io-1tsaxis; o projection::

andithe coarse dial member-against the:baser.

4: Av. differential’. khob: device: for: rofating: as
shwf(; which: compriges:a-base havingran-external -
bearitig : surfaee: snd a;: central:opening rfar: ther
Passage of the shafly avconzse: dinkmembersens.

circling and mounted for rotation:.om: therbase

andthaving awdinternal!flangezengaging:one end -
ofthexbase; ‘the: {hrer ‘edgerof! thes flange:beingr
provided with interna] gear teeth, a fine: dial:

member engaging the ‘outer: surfieesof thecoarse -

dial member and having a central passage:
througts: it; e bushihgc witiim said: prssage huy-
ihgra-central boresfor-the:sliatt: andiamexternal
bearing surface eccentric withstheshors; em exs.
tm%?mrgm.'oﬁlémtthMmumber
oftteetli-on-sald fange:Havingan axial opening:-

- recelvifng-the-eccentric:bearingsurfice:with-part:

of“tHe-teeth -of ' thie: gear- engagihg teetin on. the:
fiange; the-ritig gear-laving an-eccentiie:opening:
paredlel 4o its axis; a projection-on thebaze enter-
ihg-tHe eccentifc:openiterin the ear, .the:pros
Jeotion biethg smaller than said opening, a clatup:.
ing el¢mentmountedon the bushing-and:clamp=-

ing: thie- dial” members together ang- the: coarse.

dial* member- agathst: the- base; and: meens: ens--
gagihg: thie bushing: and: thie-element for-retain:.
ihg the-elment i fixed relation to:the: bushing.

5! A différential Knob device: for rotating a: -

shiaft; witloh -comprises w bese:having: an exters.

nal’ bearine: surface: and’ o+ centinl’ opening: for-
the passage of thie-shaft; & coarse: dial member:
encitclirg and' mounted for-rotution: on the:-base

anﬂh‘havmg-nw-intemm*ﬂ%bngerengmm emd?
of*the Yase; the=ihner: edge: of the: fiange: being+
provided: with: internal* gear- téeth; ax fitie- dial’
member-engagiherths- outér:sarfaceof the coarse:
dial’ member- and: Liaviie: a. centrsl: passage:
through:it; = bushing: withta satd passage haws.
ihg: & central: boré: for- the shuff: ands e exter--
nal’ Bearing: surfaioe- eocentrie -with the bore; an:
external ring gear of less: teeth: than: the nums
ber-of teeth on said fiange Having: an-axiid open-

ing receivinig ‘the: ecoentrie bearing surface:with:
part-of' the-teett- oftiie-gear engeeing. teetti:on
tlie- fange, the-rifig- gear- haviag: an eeotntylp:
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5
" opening pa.rauel to its axis, a projection on the
" ‘base entering the eccentric opening in the gear,
the projection being smaller than said opening,
means attached to the bushing and ¢lamping

-said dial members together and the coarse dial.

" member against the base, the dial members hav-
ing peripheral scales, and g -pointer attached to
the base and overlying the scales.

6. A differential knob dévice .for rotating a

_ shatt, which comprisés a base having an ex--

o 6
T A dtffeienttal knob device for rotating &,
shaft, which comprises s base having an exter-
nal bearing surface and a central opening for
the passage of the shaft, a coarse dial member

‘mounted for rofation on the external bearing

. surface on the base and having an internal-
- - flange at the outer end of the base, the flange

. having internal gear teeth, a fine dial member

-._engaging the outer end of the coarse dial mem-

10

ternal bearing surface and s central opening'~ -

. for the passage of the shaft, a coarse dial mem-~
ber encircling and mounted. for rotation on the

‘base and having an infernal flange engaging one -

_end .of the base, the inner edge of the flange
‘being. provided with internal:gear ‘teeth, a fine
dial member engaging the outer surface of the

" - coarse dial member and having g central pas-

15

sage through it, a bushing within said passage -

in contact with the base, the bushing having a-
central hore for the shaft and an external bear-

ing surface eccentric with the bore, means on

- ‘the bushing for connecting the bushing and. fine
dial member for: rotation in unison, an exter-

nal ring gear of less teeth than the number of:
teeth on said flange having an axial opening re-.
ceiving the eccentric bearing surface on the
bushing with part of the teeth of the gear en-
gaging teeth on the flange, the ring gear hav-

ing an eccentric opening parallel fo its axis, & -

.stud on the dbase entering the eccentric. opén-

20

ber .and - having o central passage through it,
& bushing within the passage having a cenfral

- bore for the shaft and an external bearing sur-

face outside of and ecceniric. with the bore, an

" external ring gear of less teeth than the hum-

ber of teeth -on the flange having an axial open~
ing receiving the eccentric bearing surface on
the bushing with part of the teeth on the gear
engaging teeth on the flange, the ring gear hav-

‘ing a plurality of equiangularly: spaced eccen-

tric openings parallel to the axis of the gear, a
projection. on the base entering each eccentric
opening in the gear, the projection being of less
diameter than its opening, means for connecting
the bushing, the shaft, and the fine dial mem- -
ber for rotation In unison, and means on the

) ‘bushing for holding the dial members together.

and the coarse dia.l member in fixed relation to

: the base

ing in the gear, the stud being substentially

smaller than the opening, and means mounted
-on the bushing and clamping. the dial members
together and the coarse dxal member against
the base.
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about its structure and about. the nature of chemical bonds
by Bryce Crawford, Jr.

“nfrared spectroscopy has grown like  More than 1,800 commercial infrared loagues is most ying, but hardi
I 2 mushroom in the past 10 years. spectrometets, each representing an in- surg:ising. “The. p%rv?reuxfyfflgi,nfrﬂred as ':
: Before the war it wag employed by  vestment of two to six Cadillacs, are too] for chemical characterization’ and
only a few chemists and physicists, using  earning their way in scientific Iaborato. analysi$i has been known for some 20 -
home-built or custom-built infrared  ries and industrial plants, " years, %:he infrared spectram of ‘a sub-
spectrometers. Now the instrument is o To -an old-timer in the field-"0ld-. stance is related to its chemical structure
standard commercial item supplied by  timer” by virtue of having studied infra. in 2 unjquely convenient way, and or.
& competitive industry to chemical and red as long as, say, 15 years—this ganic ¢hemists have been heard to say
medical-researchers all over the country.  burgeoning use of infrared by his col-  that the infrared spectrum of an organic

: : ' compound is its most important physical -
property. .. . '

Infrared radiation itself was discov-
ered more than 150 years ago, Jong
before scientists had any clear under-

. standing of radiation, Sir William Her-
| schel, who started Jife as an organist at
Bath and became an astronomer, made
the discovery. In 1800 he reported to
the Royal Society certain experiments in
heat radiation, He resolved sunlight
into its spectrum with a glass prism and
Placed a thermometer at successive po-
sitions in the specttum. He found heat -
radiation not only in the visible spectrum
but in the longer wavelengths beyond
the red. Herschel even crudely measured -
the absorption of this radiation by vari-
ous substances, including tap water, dis-
tilled water, sea water, gin and brandy.
He could not know, could not even sus.
pect, how revealing the absorption could .
be “about chemical striscture. Before
anyone could appreciate the significance
of infrared absorption, light radiation it- .
self had to be understood. A century
passed before the theory of the nature of.
light was worked out and the necessa
techniques and instruments for infrared
. ' e ‘ RS analysis were developed, '
te s NPRARED SPECTROMETER, improvised by Sir Williai Hecschel in 1800, was Sir William had found that the most
:lw weans by which he discovered infrared radiation, Therniometers placed in successive intense heat radiations were outside the
wd ol salur specirum registered more heat outside and beyond red region than within. visible part of the spectrum. Conse-
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quently for many years it was believed

that heat and light were two quite dif-
ferent radiations, But some 35 -years
later Sir William’s son; Sir John Her-
schel, and other investigators advanced
the idea that heat and light might
merely be different manifestations of the

same radiation—that is, light waves of -

different wavelengths, Before the end of
the century James Clerk Maxwell had
shown theoretically and Heinrich Hertz
had proved experimentally the essential
identity of light, heat and other electro-
magnetic radiation.

The infrared region, as spectroscop-
ists usually define it, lies between the
visible and the radio portions of the spec-
trum—that is, the wavelengths between
one thousandth of a millimeter and one
millimeter. (Infrared of course is not
synonymous with the common meaning

of the word “heat,” for, as we have seen,

there are heat radiations in the visible
part of the spectrum.) The region most
useful to the chemist is the range of
wavelengths from 2 to 20 microns (thou-

sandths of a millimeter). This is some- .

times called the vibrational region.

We shall confine ourselves to this re-
gion and to considering how absorption
spectra in it give information about mat-
ter. The other infrared regions, and the
physics of the radiation itself, are just
as interesting; it was in the near infrared

- that Max Planck, by instinct and gentle
nature one of the most classical of physi-
cists, was led to ‘the disturbing idea of

- the quantum, which upset the whole
beautiful pattern of 19th-century phys-

ics. But we cannot cover the whole -

subject of infrared in one article.
The chemically useful study of infra-
* red absorption spectra was really begun
in 1903 at Cornell University. A grad-
. uate student’ named William W. Cob-
lentz, under the physics professor
- Edward Nichols, had undertaken re-
search on infrared absorption. After im-

proving the available experimental tech- -

niques, he received an appointment as a
research associate of the Carnegie Insti-
tution of Washington, which enabled
him to set about measuring absorption
spectra of pure substances. He mapped
spectra for two years and in 1905 pub-
lished a collection of accurate infrared
absorption spectra for 131 substances.
Even today, after 48 years of improve-
ments in infrared technique (to which
Coblentz himself contributed much until
his retirement from the National Bureau
of Standards in 1945) the monumental
work that he did at Cornell still stands
worthy of study. Subsequent studies
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VIBRATION OF MOLECULAR BONDS accounts for selective absorption of infrared
energy by various compounds, Each of three modes of vibration of carbon dioxide bonds
shown here is resonant to infrared at wavelength indicated. Energy is absorbed, however,
only by modes at top and bottom, which disturb geometric and electric symmetry of atom.

have confirmed more than they have cor-
rected Coblentz’s observations.

When sunlight falls upon a green leaf .

of a tree, the leaf absorbs the red wave-
lengths of the light and reflects the green
wavelengths: this is what gives the leaf
its color. The absorption tells something
about the leaf’s molecular composition.

.Essentially the same principle is in-

volved in studying infrared absorption,
except that -the radiation is not visible;
if our eyes were attuned to the infrared,
we could recognize a compound by its
characteristic color. Instead we measure
its absorption of heat. Infrared radiation
is passed through a solution of a com-
pound, and the compound characterizes
itself by the wavelengths it absorbs and
those it transmits, Each compound has
its own absorption spectrum.

. The absorption of infrared is due to
some disturbance within the molecule;
this Coblentz established by observing

. that he got different spectra from iso-

mers—molecules which are composed of
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the same atoms but in different arrange- -
ments, Coblentz found further that cer-
tain subgroupings of atoms within
molecules identified themselves by ab-

sorbing characteristic wavelengths: for

example, phenyl compounds, containing
the benzene ring, absorbed at 8.25 and
6.75 microns, while mustard oils, con-
taining the thiocyanate group, absorbed
at 4.78 microns. These absorptions were
additive: in phenyl mustard oil Coblentz -
found “the characteristic vibration of the
mustard oils superposed upon the vibra-

_tion of the benzene nucleus.” He con-
‘cluded that “there is a something=—call it

‘particle,” ‘group of atoms,’ ion’ or ‘nucle-
us’—in common, with many of the com-
pounds studied, which causes absorption
bands that are characteristic of the great .
groups of organic compounds, but we do
not know what that ‘something’ is.”

Wh'th half a century’s progress since
Coblentz, we now have a clear idea -
of the “something.” It lies in the bonds
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ELECTROMAGNETIC SPECTRUM is diagrammed above. Wave
number means the number of wavelengths per centimeter and is
proportional to frequency. Wave numbers from 400 to 4,000 have
the right frequency to excite’ molecular vibrations. Bars below
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locate concentrations of heat radiationn from a black boay at 80

degrees F. (upper bar) and 1,800 degrees’ (lower). In each bar

50 per cent of the total heat energy is in the black sections, 40 per
cent in the broken section, and the rest tapers off from the ends.
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TYPES OF VIBRATION that cause most common absorption
bands are here located in spectrum. Carbon atoms are represented
by solid black circles, hydrogen atoms by small open circles, other
atoms by squares. Carbon bonds stretch atthe indicated frequencies
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whether running between two carbon atoms or between carbon
and a different atom. Hydrogen wagging, twisting and rocking
cover the 500 to 1,300 région jointly. Plus and minus signs for
wagging and twisting indicate motion in and out of plane of page.
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H H ACRYLONITRILE, whose molecular formula , rial as the wavelength increnses (from. left to right). Dips indicate
c=c’ , :
H "'c\c appears at left, gives the infrared spectrum frequencies at which energy is strongly absorbed, showing that a
N shown above. The curve represents the amount’  natural frequency of molecular vibration has been renched. Vibra-

of energy transmittec_l by a sample of the mate-

tions causing dips are indicated for comparison with chart above.
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between the atoms in @ molecule. These
bonds are written in chemical formulas
-as single, double and triple lines con-
necting the atoms, As the Danish chemist
Niels Bjerrum once said, they “summar-
ize, in a very compact form, chemistry’s
knowledge of the creation and destruc-
tion of compounds. N owhere in science
has a shorthand notation been developed
which summarizes such an abundance of
exact knowledge in so small a space.”
In 1914 Bjerrum showed that, if we
‘think of the atoms as small masses and
the bonds as springs holding the atoms
together, we can account correctly for

the vibrational behavior of molecules, as

observed in their infrared spectra and
in their heat capacities. _

The bonds hold the atoms in position
fairly tightly, but not rigidly. The re-
sponse of the atoms to a light wave is
much like the response of cork balls,
floating on a lake, to waves on the lake,
As waves move past the ball, they push

the ball alternately up and down. So a
light wave moving past an atom sweeps
an oscillating electric field over it, and
if the atom carries an electrical charge

it will be pushed first one way and then

the othei. Atoms in general do carry a
charge, greater or lesser according to
the molecule; thus in the hydrogen chlo-
ride molecule the hydrogen atom carries
a small positive charge, the chlorine
atom a corresponding negative one. Be-
cause of these opposite charges, the elec-
tric field of the light wave will push the
two atoms in opposite directions, and
will tend to set them into ‘vibration,
stretching and compressing the H-Cl
bond alternately. '
The bond has a natural frequency of
vibration, determined by the masses of
the two atoms and the restoring force
of the bonds. A light wave with this

frequency of oscillation will have most -

effect on the bond: its energy will great-
ly increase the natural vibrations of the

-
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RELATED FAMILY of compounds, the methyl benzenes, exhibit both an over-all similar-
ity and distinctive differences in their infrared spectra. The absorption dips which are
wiarked in red are due to hydrogen wagging (see middle diagram on the facing page). The
hydrogen atoms are vibrating in and out of, in a direction perpendicular to, the page surface.
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atoms. The molecule will absorb part
of the enexrgy of the light at this reso-
nant frequency, and an absorption de-
tector will show an absorption peak for
that wavelength, '
To obtain the infrared spectrum of a

sample, we _illuminate the sample with

infrared radiation of successive wave-
lengths from 2.5 to 25 microns and meas-
ure with the spectrometer the amount of
light transmitted by the sample at each
wavelength. A modern spectrometer
automatically computes the percentage
of the light transmitted at each wave-
length and in 10 or 15 minutes produces
a curve of transmittance against wave-

. length, or, more commonly nowadays,

transmittance against frequency. Fre-
quency, meaning the number of waves
that sweep past per second, is easily
computed from the wavelength and the
speed of light, The measure of fre-
quency is called the “wave number”—it
is actually’ the number of waves in one
centimeter - of light beam. In the range
of infrared that we are considering the
wave numbers run from 400 to 4,000 per
centimeter. :

Modem atomic-theory at once shows
: the chemical importance of the
frequency of ahsorption. Atoms and
molecules absorb light in quanta, the
energy in each quantum being propor-
tional to the frequency of the light. The
absorbed energy is in fact Planck’s con-
stant h times the frequency, or hc timies
the wave number. Einstein enunciated
the principle that, when molecules ab-
sorb light, each ‘quantum is wholly
absorbed by one molecule.

Now a molecule can safely absorb
only so much energy: chemical bonds
are not unbreakable—and a good thing,
or there’d be no chemistry! The energy

- required to break the bonds is known

fairly accurately; it is comparable to the
energy of a quantum of ultraviolet or
visible light. When a molecule absorbs
such light, the bonds are either broken
or profoundly altered, and the “excited”
molecule is a very different entity from
the original. The deduction of atomic
structure from ultraviolet spectra has

. been compared to deducing the struc-

ture of a piano from the sounds emitted
as it falls down a flight of stairs.
The absorption of a quantum in the -

‘infrared, on the other . hand, is not so

rough a process, At these wavelengths a
quantum of energy is only about one

* twentieth that in the ultraviolet. Hence

the radiation merely sets the bond into
vibration. In infrared spectroscopy we
don’t push the piano down the stairs,




. INFRARED SPECTROPHOTOMETER made by the Perkin-Elmer
Corporation is shown on opposite page. Above are a photograph
system. Infrared rays from a heated car-
bide rod (A) are split into two beams, one passing through the

and diagram of fts optical

we just plunk the keyboard a bit, and -

the sounds are a bit easier to relate to
the piano.

‘We can carry this image further. The
infrared spectrum of a two-atom mole-
cule such as HCI shows absorption not
only at the single natural frequency
the bond, but also at the overtones of that

.frequéncy. A molecule containing sev-
eral atoms has several bonds and several
natural frequencies. Here we cannot

- match up the frequencies with the indi-

vidual bonds, We may:. think of such a

molecule as a mechanical system of sev-

eral masses connected by springs, and

the resonanit frequencies will be those of
.such a set of coupled oscillators. When
one bond is set into vibration, the rest
of the molecule slso is involved through
the interconnecting bonds. Hence the
resonant fréquencies are characteristic
of the whole molecule. They are de-
termined by (1) the masses, which
-means the specific atoms involved, (9)

46

of

the spring forces, which means the
bonds in the molecule, and (8) the way
in' which these are coupled, which means
the specific geometrical arrangement of
the bonds. If any of these changes, the
set of resonant frequencies will change.

The-infrared spectrum is simply a dis-
play of the resonant frequencies of the
sample. Actually not all resonant fre-
quencies give rise to absorption. Only
those which, like the simple H-Cl vibra-

“tion, cause some net change in the sepa-
. ration between positive and negative

charges will interact with the oscillating
electric field. Thus a molecule like Cl,,
which can have no charge separation no
matter how the bond length changes
(one Cl is like another!), does not ab:
sorb anywhere in the infrared. One of
the resonant frequencies of CO,, in
which the two oxygen atoms move sym-
metrically, causes no charge disPlace-
ment and hence does not appear in the
infrared spectrum. But in general there
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sample to be analyzed (B) and the other through a wedge whose -
transparency can be adjusted. A rotating mirror and- diaphragm
.(C) alternately passes the two beams, by way of a pair of mirrors,
to the curved mirror (D). This reflects the heams through a prism

are enough active resonant frequencies
in a molecule 5o that the infrared spec-
trum is characteristic of the atoms, the

bonds and the geometrical arrangement. .

And here we see one reason for the
great value of infrared: its specificity.
The infrared spectrum is the most nearly

‘unique property of a substance, Even

geometrical isomers, which have the

same atoms and the same bonds but
differ in arrangement, can be distin-
guished by infrared. Such isomers are
very hard - to distinguish by ordinary
chemical meéthods, yet *their “slight”

 structural differences can give rise’ to

profound differences in biological activ-

ity. Many, perhaps most, -biological 3

phenomena are highly sensitive to such

1

differences in compounds. Consequently .

medical investigators need a sensitive

analytical method, The infrared spec-

trometer was a key tool for the late can.
cer researcher Konrad Dobriner at Me-

morial Hospital in New York City in his
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which separates their wavelengths. A rocking mirror (E) sweeps
the dispersed beams across the detector; by way of (D), the small
plane mirror, (F), and (G). The strengths of the alternately re-
ceived beamns are compared at successive wavelengths. When -the

work of unraveling the metabolism’ of
steroids in the body.” ‘
Inanimate objects—if internal-com-
bustion engines can be so classified—also
are sometimes sensitive to isomeric
differences. The difference between

“knock” and “anti-knock” gasoline com-

ponents is a problem nicely suited to the

1 infrared spectrometer. Indeed, the need
i in the petroleum industry for a fast, re-
““lable and convenient method of dis-
1 tinguishing isomeric hydrocarbons and

" analyzing mixtures of them has played
a large part in the recent upsurge of in-
frared. The war gave rise to pressing

demands for high-test gasoline and for

synthetic-rubber intermediates; both of
these involved analysis of isomeric hy-
drocarbons. Infrared had been used in
a few industrial laboratories in the late
1930s. Under the wartime challenge it
was soon shown that infrared spectra of-
fered the rapid and accurate analytical
method so badly needed. And to meet

the need for instruments the first com-
mercial infrared spectrometer appeared
in 1948. '

* The infrared also has unusual sensi-
tivity to atomic mass; it can distinguish
not only isomers but also isotopes. Prac-
tically the only methods for analyzing
the stable isotopes used in tracer work

are infrared and mass ‘spectroscopy. .

Which is the better method in a given
case will depend on. many factors; in

-cases calling for a fast, nondestructive

analytical method applicable in situ, the
specificity of infrared can be very useful.

Yet all this is not the wﬁole story. The

greatest advantage of infrared as a -

research tool is that an infrared spectrum
can be interpreted in térms of the same
concepts chemists use in studying chem-
ical properties—bonds and bond group-
ings. In classifying compounds and
thinking about them and working with
them, chemists have long spoken of
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* detector senses a difference between the sample and the reference
beams, an alternating current is generated which adjusts the mov- -
able wedge to equalize the signals. The motion of the wedge in turn
is transmitted to pen that traces the absorption curve on drum.

“functional groups™-of olefins, of acid
chlorides and so on. The functional
groups provide a broad chemical de-
scription and a clue to the specific chemi-
cal properties of a compound—and they
can be related to its infrared spectrum.

Let us consider for a .moment the
mechanical model. When two or more
high-frequency springs are coupled to-

gether tightly, the vibrations of the re- .

sulting system form a new pattern in
general quite distinct from ‘that of the
uncoupled springs; but when two high-
frequency springs are coupled by mearis
of a low-frequency spring, the resulting
vibration pattern will include the fre-
quencies of the highfrequency springs - -
with only small shifts. Now chemical
bonds fall approximately into two
classes: (1) “high-frequency,” which in-
cludes all multiple bonds and the single
bonds invelving hydrogen, and (2) “low-
frequency,” which includes all other
single bonds, such as C-G, C-O, C-N, In .



DETECTOR for spectrophotometer is
shown in front view (top) and side view
“thattom) about 16 times actual size. Beam
of radiation is focused on thermocouple, the
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éfudﬂhg infrared spectra we may there-

- fore try out the idea of ‘a “vibratidaal
| - functional group”—any set of high-fre-

Guency bonds directly .connected. Ac-

cording to this, all molecules with the,

group —N=C=8, for example, should
have some frequencies in common, but
they should differ from those with the
—N=C-— or C=S$ groups. Here indeed
we find the “something” for which Cob-
lentz was gropingl '

Now we find a piece of good fortune—
one of the rare presents Nature bestows
on investigators. Chemical functional
groups and vibrational functional groups

. run parallel. Therefore certain charac-
teristic absorption bands in an infrared.

spectrum give direct and strong evi-
dence on the chemical nature of the
_sample, It is not really conclusive evi-
dence, for the functional group idea is
an approximation, and the parallelism
of chemical and vibrational functional
groups is not too strict. The infrared
spectrum is not a magic crystal ball in

which one reads the structural formula

of an unknown sample. But its clues,
when wisely used, can shorten by weeks

. the time required to complete the job..

And the direct applicability of the chem-
ical-bond - concept and the functional-
group concept means that the chemist
can understand infrared spectra without
having to learn a new language, He does
have to learn a new dialect of his chemi-
cal language—and incautious chemists
who have overlooked this have made
some serious blunders. But the dialect
-can be picked up relatively quickly.

The knowledge of molecular stiucture

required to make use of infrared
spectroscopy had been achieved by
about 1930 or 1935, Why, then, did the

- blossoming of chemical infrared start

oly in 1943?- Some pioneer applica-
tions of infrared had been made in the
chemical industry as early as 1936. But
the technique 'is difficult. The cost .of
the modern commercial instraments and
their need of maintenance still remind

the user that the infrared spectrometer is -

doing a basically harder job than its
ultraviolet counterpart, It has been well
said that “no other spectrometric region
of the electromagnetic range is so beset
with experimental difficulties.” Basically
these arise from the very fact that infra-
red radiation is resonant with atomic vi-
brations. We have seen the advantages
stemming from this; let us glance at the
price we must pay. v

As a source of infrared, we must use
vibrating atoms, and the only practical
way to set atoms vibrating is through
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infrared, we must heat our source to a’
high temperature; a common source is
an electrically- heated rod of carborun-
dum at 2,200 degrees Fahrenheit. Re- .

fractory materials able to withstand such
temperatures are brittle, which can be a
nuisance! Moreover, the laws of physics
worked out by Planck show that most of
the energy goes into the near-infrared
and even the visible region, wasting our

power and filling our instruments with’

d lot of unwanted wavelengths which
must be ﬁltexjed- out or shuxjnted off.
The same -basic trouble arises in the

‘measurement of infrared intensity—de-

tection, as it is appropriately called. The
infrared quanta do not disturb molecules
enough even to affect a photographic
platel All we can measure is a slight rise
in the tempgrature of the absorber, and
we measure it today as Herschel did—by
the effect on a blackened thermometer.
The “thermometer,” however, is a very
sensitive thermocouple, . '

We must find prisms to disperse the -
infrared spectrum and optics to focus it,.
windows.,to let the radiation through
the cellg; holding our samples and sol-
vents in which te dissolve materials we
want to study. Since all atoms can vi-

- brate; it is not easy to find substances

transparent to the infrared: Glass and

water are completely opaque to it; ordi- *

nary organic solvents have so many ab-
sorption bands thémselves that they
obscure the spectrum of the substance
dissolved in them. So we use mirrors in-
stead of lenses, make our prisms and

- cell windows of rock salt, and think hard

about the choice of solvents.

For infrared, the wartime need was a
blessing in disguise—a very. perfect dis-
guise, to ¢quote Mark Twain—because
urgent necessity stimulated great im-
provements in instrumentation, - The
availability of better instruments today
is a great blessing not only to analytical
chemists and workers in the chemical in-
dustry but also to infrared spectrosco-
pists ‘interested in fundamental chemis-
try. Infrared spectroscopy- has helped us
win our present understanding of molec-
ular structure, notably the geometry

-and dynamics summarized in the bali:

and-spring model, Nowadays more peo-
ple than ever before are at work on this
fundamental use of infrared, studying
the nature of those springs and the dis-
tribition of electronic charges in the
bonds. Without depreciating the more
widespread wuse of infrared for the analy-

sis of compounds, we may well feel that o

in the long run the fundamental use will
be more exciting, For the nature of the
chemical bond is the problem at the
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Fig. 4. Rochester system.

The two pass radiation signal seen by the detector
is made up of a 2f sum component and of an f component
which has the equivalent chopped beam amplitude
“(Io—1I)/V2. The f component is detected with adecoding
signal which must be in quadrature with the one pass
radiation also seen by the detector, and is therefore
45° out of phase with this f component. This causes
aniother V2 decreases in-the detected signal, and the 2

_in'the denominator of (Io—I)/2 is the noise factor
of this system. _ '

‘The essential weakness of this system is the necessity
for exact quadrature between the decoding signal and
the one pass radiation signal, and any departure from

 this condition causes errors which vary linearly with it. -

In the. system illustrated by Fig. 5, which was
suggested by Daly® of Unicam, radiation -chopping
at the intermediate image takes place at half the beam
switching rate. When the two pass radiation signal

seen by the radiation detector is decomposed ‘into its -

various components, a' component of frequency f is
- found, which is proportional to the difference signal,
" and the 2 in the denominator of (Io—1)/2 is the noise
factor of this system. - .
The difference signal requires for its detection a
decoding signal of the same form which must be in
exact quadrature with the sum signal, and any de-
parture from this quadrature will cause errors which
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Fro. 6. Coates-Scott system and modified Coates-Scott system.
vary linearly with it. Furthermore, any imperfection
in ‘the chopping action, which takes ‘place at the
detecting frequency, for instance smudges on the
chopping shutter, will also cause errors. -
The system illustrated by Fig. 6 was developed by
Coates and Scottt of The Perkin-Elmer Corporation.
Beam switching and beam chopping are done at the

-same frequency, and in quadrature with each- other,

~and -signal decoding is done at, twice that frequency.

- The two pass radiation signal:seen by the detector is
made up of the three components shown, and the
magnitude of the decoded 2f component indicates that

* here again the noise factor is 2. L

Since decoding takes place at twice the switching
and chopping frequency, we do not have the strict quad-
rature requirement of the Rochester and Daly systems,
but the preserice of smudges on.the chopper could
produce a 2f component which would cause errors.

In the Coates-Scott system, it would be theoretically

. possible to make use of the sum signal and detect it in.

quadrature with the switching operation. The two-
signals thus obtained could then be combined to give

. indeperident. values for I, and for , just as in the one

pass Hornig system, and this could serve to eliminate
the beam weakener and to obtain a better rms noise

* factor of 1.63. But this arrangement would be open.
“to-the same criticism as the Rochester system ; jt-would.

require exact quadrature between the decoding signal -
and the one pass radiation signal. P
The next two systéms are not open to any of the
criticisms which can be made about the thrée preceding .
systems. In the system illustrated by Fig, 7 beam
_ switching takes place at a frequency 3f, and beam

: STANDRD  SAMPLE
| ONE-PASS RADIATION 3¢  r=t_r=-1dr~1__sr ecp.
CHOPPING 2 hON--OFF —pONo~ OFF] .Gt ¥

TWO-PASS RADIATION €, 2¢  [~lo 1 rlolon
: ARD 8¢ ! ' L
—1 =l

nee 2,00
- Fi6. 7, 3f switching, 2f chopping, f decoding system.
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Over-clll view of Perkin-Elmer laboratory. Tc@bles in foreground are vsed
as work surfaces for sample preparahon, chagglng prisms, checking spectra

¢ Laboratory setup enables prospective uSef'_to

Infrared spectra of single fibers and evaluate use of infrared instrumentation
crystals can be run with aid of hood - ' ' .

on infrared microscope being adjusted N THIS ERA of new instruments and methods, instrument manufacturers
by Vincent J. Coates. are finding that the customer must be shown the value of expensive

willing to invest a sizable sum of money in new instruments, it wants to
be convinced that the instrument will prove a real asset to its analytlcal
or quality control laboratory.

About two years ago, Perkin-Elmer Corp. set up a complete infrared
laboratory to demonstrate to prospective customers how infrared in-
strumentation could be used to solve their particular problems. Since
virtually every prospect for an infrared spectrometer is found to have
some specific problem in mind for the instrument, it is the primary pur-
pose of the laboratory to investigate the application of infrared analysis
to' prospective customer problems. Odeasionally there are requests for
flame photometer or electrophoretic analyses. Considerable time is also
spent in developing new infrared analytical techniques and instruments,
investigating improvements in existing instruments or accessories, and

. preparing data for papers delivered at technical meetings by Perkin-
Elmer staff members,

At latest count, the laboratory submitted over 600 problem analysis

reports last year. These run the gamut of practically all industries con-

Infrared microscope for fiber and crys- . cerned with organics—food and drugs, through plastics, paints, explosives,

tal studies, ond beneath it, a 10- - and petroleum, About 60% of the analyses are conducted on solids, 85%

meter gas cell for making Gﬂﬂl)’ses of on liquids, and 5% on gases. Over 25% of the requests are for quantltatwe
~ frace components,. Martha Lesfer is the analyses. .

operator .
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equipment before he buys. Before a company or research laboratory is
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direcior of the
e les of '

A Recent advance in infrared solids analysis
is the potassium bromide press. Helene
Sternglanz pours a mixture of samplé and

~ potassivm bromide into the die, which is
'subsequenﬂy evacvated and pressed to
.form an infrared:transparent pellet

Equipment includes a small oven for drying
specimens, a balance, and an exhaust hood.
In. the foreground is o glass-topped. table for
viewing and matching spectra .

|

Pure compounds, solvents, and samples
are stored in the cabinet to the left,
Crystal prisms for different regions of the
infrared spectrum are in the center cabi-
net. . To the right is a file of reference
spectra including over 5000 spectra run
- offin the laboratory and 2000 API specira
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F léxibility, LOWér Prices Mark TRI-NON Advances

The last issue of INSTRUMENT NEWS ex-~
plained the Perkin-Elmer philosophy of
design for continuous infrared analyzers.
Initially, we built the finest instruments
possible that could solvé the most com-
plex problems in chemical processing.
After these instruments had proven them-
selves in extensive field tests and our en-
gineers had gained complete familiarity
with plant processing problems, we be-
gan to think about a simplified model of
the TRI-NON* Analyzer. Many plant proc-
essing ‘problems do not require the com-
plexity and problem-handling capacnty
designed into the original TRI-NON series.

We decided then to tailor the TRI-
NON’s complexity to the specfiic cus-
tomer problem. Recognizing the advan-
tages of the optical null, or self-balancing

System, we decided to maintain this prin-
-%TM The Perkin:Elmér. Corporation.

ciple in all combinations. Hence the
present four series of TRI-NON Analyzers
— each varying in complexity, each de-
s1gned to handle a different class of proc-
essmg problem — and each differing in
price. Perkin-Elmer application engi-
neers can advise which series is- best
adapted to handle a specific processing
problem. And so the net result to the
user is-an analyzer custom-tailored to
his processing requirements at a most -
economical price.

A description of each series follows,
plus a table giving characteristics and
performance for each, (page 8).

Series A is the deluxe series with
maximum performance in all respects:

-high in sensitivity, stability and discrimi- -

nation. It operates under extreme am-
bient conditions; it is completely explo-
sion-proof. The pick-up section of this

Spectrometers Get Bigger and Better

Infrared de luxe. This Model
13 Ratio - Recording Spectro-
photometer is one of the most

© elaborate infrared instruments
ever shipped by Perkin-Elmer.
It is an outstanding example
of the Building Block principle
“foritincorporates a microscope
attachment, double pass mono-
c¢hromator, interchangeable
prisms, and a variety of infra-
red detectors for macro and
micro work. This instrument is
shown dt the General Electric
Company’s Research Labora-
tories where it is used as an all-
purpose instrument for ad-
vanced research problems. Sev-
eral other Model 13s—with ul-
traviolet attachments — have
been shipped to other large re-
search centers.

series produces a shaft rotation which is-
proportional to the concentration of the
gas under analysis. This rotation may
appear as an indicator at the instrument. .
Normally, it is transmitted through a
slide wire potentiometer bridge circuit
to the recorder by a 3-wire cable. This -
system imposes no restrictions on the
separation between the recorder and an-
-alyzer. Response time can be easdy tai-
lored to any analytical problem since the
balancing time of the analyzer is com-
pletely independent of the recorder or
" controller:
Series B has an explosion-proof pick-
up section - with non-explosion-proof
Continued on page 8

New Approach to Solids Study: |
INFRARED SPECTROSCOPY

'BY REFLECTION...Byl. Simon

Most of the work in infrared spec-

troscopy is being done on samples which . v

are solid films, liquids or gases. It is then
perfectly straightforward to obtain sig-
nificant information by measuring ab-
sorption as a function of wavelength. In
this case, the techniques are relatively
simple since the samples could be intro-
duced in suitable cells with well defined
dimensions. The solid materials are some-
what unwieldy since they must be disin-
tegrated into fine powders and mulled, or
compressed in pellets, or else fabricated
into thin slides. The experimental diffi-
culties become greater when the solids
are highly absorbing or opaque in the
wavelength range considered. ,
¢ Absorption Difficulties—We encoun-
tered this problem when applying infra-
red spectroscopy to the study of the
structure of crystalline and vitreous
forms of silica and other silicates, all of
which have a well-known, strong absorp-

-tion band around 9. For instance, quartz

is so highly absorbing in this wavelength
region that a slide 1y thick transmits
Continued on page 7

See On-Stream TRI-NON Report, Pp. 4-5
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Very soon the 15 million readers of
Reader’s Digest are going to be let in
on a secret that you 15 thousand readers
of INSTRUMENT NEWs have known for
some time—that the infrared spectrom-
eter is a highly potent tool in the hands
of a chemist. Mr. Harland Manchester,
technical editor of the DIGEST, has writ-

“ten a highly interesting article on the
more glamourous side-of infrared spec-
troscopy. Even your editor who has read
and written as much on the subject as
the next person found much that was
new and entertaining in it. Watch for it
in an early DIGEST issue.

_ By now Fisk University’s Annual In-
frared Spectroscopy Institutes are a reg-
ular feature of the summer infrared
scene. This year from August 29-Septem-
ber 2, they are holding their Sixth Annual
Institute, planned primarily for introduc-
ing newcomers to the advantages of in-
frared spectroscopy. Further information
may be obtained from Nelson Fuson,
Fisk University, Nashville. ’

Another infrared course is making
its debut this summer. ¥t will be held at
the Polytechnic Institute of Brooklyn,
-August 15-19. The course will cover both
theory and practice with emphasis on the
Jatter. Interested parties should contact
Dr. Robert Bauman, Polytechnic Insti-
tute of Brooklyn, 99 Livingston Street,
Brooklyn, New York. .

. Harry Hausdorff and Helene Stern-
glanz of our laboratory have given a con-

- siderable amount of study to differen-
tial analysis in the infrared. Their paper
on the subject was received with interest
at Pittsburgh. The paper was originally
published in the Italian Journal Nuovo

Cimento. We have obtained reprints and
will be pleased to send them on request.

We have learned that infrared spectra
of a large number of carcinogenic ma-
terials are badly needed by the ASTM
Committee on' Standard Data. Anyone

having such spectra and not planning to -

publish them should contact E. Carroll
Creitz at the National Bureau of Stand-
ards, Washington, D. C. He can supply
lists of the wanted spectra.

Those of you who read the article on
integrated absorption techniques
must have been as mystified as we were
with the X’s and Y’s in the last para-
graph. The article, of course, had been
written before all data was available.
When the NEwWs appeared, we were re-

-minded that it had been sent to us in time

for inclusion—sure enough, we found it
under a pile of unanswered correspon-
dence on our desk. So here is the last
paragraph printed as it should have been
in the first place: : )
“Multiplying the counter reading bya
predetermined integration constant pro-
vides intensity values in terms of absorb-
ance ~cm—1 or absorbance-microns.
“The reproducibility of the device is
excellent. For example, on a single band
where the peak reading, Dy, equalled 0.9
absorbance, successive readings agreed

to 1 part in 500. Over a two-day period,

the maximum spread was 1 part in 360.”

For those of you who would like to use
standard UV cells for your work on
Perkin-Elmer spectrometers in the UV
and near infrared regions we have devel-
oped a celt adaptor. Its part number is

.013-0347 and price $75. It is designed

to hold most standard UV cells.

-vernistat ™
on Display

Featured in the VERNISTAT display
booth, shown here at the New
York IRE Show, are a large trans-
parent working model illustrating
|- action of the switch commutator

‘and wiper, and an illuminated
schematic of the circuit principle.
The VERNISTAT will be seen on the
West Coast August 24-26 at the
Civic Auditorium in San Fran-
cisco during the Westcon IRE
Show and September 12-16 in Los
Angeles (Shrine Exposition Hall)
during the ISA Show.
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Dr. Van Zandt
Williams
Vice-President,

Sales and Research

If the University of Michigan can be
termed ‘the “Cradlée of Infrared Spec- -
troscopy” then Princeton University may
lay claim to the title “Father. of Com-
mercial Infrared Instrumentation.” One
of its instructors, Dr. R. Bowling Barnes,
and two of its pupils have had a pro-
found effect on the instruments now !)e-
ing manufactured by two of the leading
manufacturers of infrared eguipment.
One of the pupils, Dr. Robert Brattain, -
went to the Shell Development Company -
where he worked closely with Beckman
in its early instrument programs, while
the other, Dr. Van Zandt Williams, con- -
tinued his infrared work at American
Cyanamid with Dr. Barnes. o

After seven years at Cyanamid, Van

* Williams moved to Perkin-Elmer where

he could spend full time.in continuing

. instrumesit, development and in expand-

ing the uses for infrared spectroscopy.
In 1951 he became a vice-president and
director of The Perkin-Elmer Corpora-

- tion and Director of Sales and Research..

Kk ok kok ok ok ok ok ok K A
PERKIN-ELMER
WHO'S WHO

XX XX XXX XXX XX

Van is well known by all who have
worked in infrared for his many publica-
tions and for his active participation in
meetings and societies where infrared is
discussed. He is somewhat of a.crusader
both inside and outside of Perkin-Elmer
for better instruments and better instru-
ment techniques. His miost recent pre-
occupations have been with Integrated
Absorption Measurements on the one
hand and the Coblentz Society on the
other. : :

Born in Providence, Rhode Island in
1916, he obtained his B.S. at Brown and
his Ph.D. at Princeton. He is a member
of Phi Beta Kappa, Sigma XI, the Amer- -

_ican Chemical Society, the Optical So-

ciety of America, the Society for Applied
Spectroscopy and —naturally —the Cob-
lentz Society.

" Between his many trips, he occasion-
ally is able to spend some time at his
home in Riverside, Connecticut with his
wife, the former Mary Bridgeman, and
their two boys,




Appendix: XIV

Acrylonitrile unit produces Cyanamid’s principal product at Fortier; takes up small sedtion of 600-acre site.

TRI-NON ANALYZERS MONITOR PROCESS STREAMS
AT AMERICAN CYANAMID’S NEW FORTIER PLANT

Acetylene purlﬁcation tower monitored by two
TRI-NONS located near top of steel framework.

4

About 20 miles out of New Orleans on the west bank of the Mississippi
River stands American Cyanamid Company’s new Fortier Petrochemical
Plant. Built by Chemical Construction Corporation at a cost of over $50, 000,-
000, its principal product is acrylonitrile, a chemical building block used

- in the manufacture of synthetic rubber and fibers, plastics and adhesives,

insecticides, and pharmaceuticals. An important by-product is anhydrous

. a.mmoma.

Nearly a dozen Perkin-Elimer TRI-NON analyzers have been installed to
provide continuous analytical information to the operators of the various
units. In the ammonia plant, for example, four low range (0-50 ppm) TRI-
NON. Analyzers monitor CO and OO, in the feed streams to the reactor to
Wwarn against the possibility of catalyst poisoning. Several other instruments
keep tabs on various phases of acetylene production and punﬁcatxon.

After several months of operation, the Cyanamid .operating officials have
found that the analyzers have proved to be of valuable assistance in controlling
the processes in several different ways. The practically instantaneous infor-
mation concerning stream composition supplied by the analyzers has made
it easier for the unit operators to keep them operating at top efficiency at
all times. In addition, ample warning of dangerous situations developing are
given by the analyzers so that preventive measures can be taken in time to
avoid accidents. Finally, the analyzers have helped reduce the number of
men needed to run the plant, Such reductions represent considerable savings
in operating costs.

Cyanamid’s investment in continuous analytxcal mstrumentatlon at the .

Fortier Plant has proved to be a wise one.
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SERIES

Continued fram page 1

NEW TRI-NON

electronics and recorder capable of beé-
ing remotely located up to a maximum
of 500 feet. A multi-wire cable connects
the two units. Where interference is not
as great, performance is the equivalent
of a Series A instrument. This model
usually incorporates a single servo loop

- incorporating the recorder. This series
provides maximum serviceability since
the electronic section is available in the
control house. '

Series C is non-explosion-proofed. As
in Series B, the pick-up section is con-
nected by a multi-wire cable over a maxi-
mum of 500 feet to the electronics sec-

- tion, which may be located wherever de-
sired. This model also involves a single
servo loop incorporating the recorder,
which may also be remotely located.
Performance is same as Series B. These
models are highly stable and completely
adequate for many process streams.
Series D is also non-explosion-
proofed. All components: pick-up sec-
tion, electronics and recorder, are
mounted in a cabinet with the pick-up .
section mechanically coupled to the re-
corder. Performance characteristics are
the same as Series C. This instrument is -
especially useful in monitoring for toxic
or explosive vapors in the atmosphere.

A new Rayleigh fringe accessory makes possible fast and acéurqtq index
determinations. The unit corisists of a high intensity mercury arc lamp, a
narrow band interference filter, a horizontal entrance slit superimposed-
upon a 500-line per inch vertical grid, a mechanical shutter, a special 2 cc
sample cell with slit mask, and a half-wave retardation plate. In one of the
four modes of operation, the dn/dh curve is superimposed against a
background of sharp, well-defined fringes so that the area under the curve
may be integrated simply by counting the fringes displaced.

A compact, efficient refrigeration unit measuring 15x12x32 inches (right)
which will maintairi water bath temperature wigiin +0.02°C. is now avail-
able. Striations or distortions caused by ice bg.t‘h temperature fluctuations -
are eliminated when the refrigeration unit is used as a cooling agent.

T

Two New Elegirophorési;‘ o
Accessories for Models 38 & 38-A

TRI-NON ANALYZER —~CHARACTERISTICS AND PERFORMANCE

SERIES ] A | B [ C D
' _Complex streams, ‘Cow?" nu'am
frace component [ eferming-
_ GENERAL APPLICATIONS analysis, other flon of principle - Less complex shroorms
. where sp ponent, partiall . P .
. . Instrument charac- explesionproof, Nonhazardous locations
teristics are Impor- :
fant,
NOMINAL PERFORMANCE : .
: Accuracy %1% of scale 1% of scale = 1% of scale =+ 1% of «ale
Stability *2% of scale +2% of scale *2% of scale 2% of scale
Response ime As low a3 § seconds As low as 15 seconds As low as15 seconds As low as 15 seconds
- Null balance system. Setvo driven ath comb in a chopped system produces trve radiation
null ot detector, .
OPERATING PRINCIPLES Detector. Single recelver, dual-cond lcrophone type, rendered insensiive fo vibration through
vso of a vnique symmefrical construction, Factory adjusted on vibration table ot operating
uency. .
Source. Nichrome cofl operates at approx, 800°C. Sealed in dry inert gas.
EXPLOSIONPROOFING : - .
. Pickwp unit Class|, Group D, Div.| Closst,GroupD,Div. none none
. -Electronic unit Class|,GroupD,Div.| none none none
SAMPLE CELLS . '
Coll muterial Stalnless stoe! (Std.) Stainless steel (Std.) Aluminum (standard) Others avallable
Cell length W, 127,24, g From Vg’ 10 12 From V8 to 12" (longer on special order)
. Complete Sampla System provided to Specification ot extra cost, : :
Test clrcult, Bulltin test box by which the funciional subassemblies may be checked, Optional on
MAINTENANCE all lneoments, oY Yk the oy be d Z
AND GHEGI(ING Servicoabllity. Unliized construction using functional subassemblies which are readily remcv-
able for eate of servicing.
DIMENSION - Helght. €7.5" 4 &6 &6
Width 25" 127 ‘22 22
. DQP"I 33 a3 21 21"
WEIGHT Pounds - 370 300 250 250
PRICE RANGE ‘ . :
(Exclisding recorder) - $5450 and vp $3500 to $4500 $3000 fo $3500 _ $2800 to0 $3000

88




Appendix: XV

G_RT on fuel gas’ anal~ ' analysxs of hydrogen mtrogen cari)on;
b chmmatography shovvs favor: .moroxide; methan €,. ethape ‘carbon
M 0N ; of - dioxide; and pmpane, a;"two ‘mieter;
7. th’ "'staqxﬂess teel cofumni - packed with -
thiy .,sxhca gel-was chosen (Figuré2); Com-
v jponents | ‘hedvier than .propane- -have
; very long retent;on tim “anid, em emérge |
: from: thiy' column as ver§ broad. bands .
withe véry weak peak=heights in . the
CQnCeqtratlons enoou.ﬁtered here; ..
.lgeavy cotnpeRsits: presént m-ﬁ
thice’ quantities’ may éctualiy xemain .
e .lumn durmg : ;

‘on amoxphous sihca a‘

DS

.gases éontam éomponents ?or. the: analysxs of. the heawer ends
ch boxl over a- w1de Tange, For the (Flgure 3),a hquxd pa.rtmon column

b' ; .':1956-~—PETROLEUM REFINER
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16U S—Natural 94 unalysls of Ilght ends. Cbmponents llemuer thun propune:'lluve: very

nent,"B; obtammgg chromatogram of i
. _~the unknown mlxture under the same ¢

'ter_thszs ﬂowmgter and ~the_
ontrols’ wmpnse the.
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ard and: sample pro-

yane“appear at the end of: the run a5’ ..

pected. The: peak hexght~rat1 A )
Sed " to- :determxne concentratlon of

It's: ists of . carrymg'a mxxture through a column -
‘ea of: a"camer 4s;Thie_ different’ affinities of the_comiponents. .| - 4.
: ‘ kit ~(called_ ‘the : statxonary phase) ‘catisé. themto_ |

ik the peak s ctéristic comlianent speed
,pl_-ovxdcs the quahtatwe in‘fo‘imauon “The peak: heights or, areas cap. be
used tor determmmg peroent oonoenu'atlon. wr
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Medlel-21-Ordiriate Seale =
Expansion Syst '
IRsMeasUrEHERISERSItVity

VREEENT T Coiteizand Robert Anacreon
THEPORIRERReP Ctirtiont,

Recent studies and publications have
brought. recognition of -the need for.a
" fresh consideration’ of a basically im-
portant area—trace analysis. In 1955,
Stephens, ‘Scott and co-workers at The
.Franklin Institute published results of
what has been -a very fruitful study of

the organic chemistry of the atmos-

phere using infrared spectroscopy.l. 2
‘The long-path gas cell which-they de-
signed also .served as a reaction vessel.
Photolysis of synthetic mixtures with
.ultraviolet . radiation: caused the forma-
tion of nmew compounds characterized

and measured by infrared. These com-

pounds occurred in the part per mil-
lion range, and their accurate measure-
urement required path lengths of sev-
eral hundred meters. '

"~ A cooperative program, initiated with
workers at the. Memorial Hospital in
New York, led to the development of

the infrared microcell .which allowed -

the measurement in solution of as little
as 25 micrograms of steroid separated
from urine.® In order to obtain even
this much sample, however, it is neces-
~ sary to collect samples under controlled
¢tonditions over several days. In clin-
ical work much more could be done
with infrared if the sensitivity of the
method for trace analysis couid be ex-
tended. continued on page 10

¢ From “Improvin the.Measurement of Weak
Infrared Absc? 2 B

rption  Bands Using Expanded-
Scale, Double-Beam S%ectrophotomegry"-—g paper
gmented Chaetmthe Pittsburgh Conferenice on Ana-

. and lied Spectr y
% ¥§"' i stry. App| 03COpY,

hens, E. R.;
(cﬁt}.;;gl E.; Ind,
1 Step! hons, E. R Scott, W. E. Haust, P. L.
Doerr, R. C.; Paper Fesented at the midyear
sion ﬂ Ro M?:ueﬁngl:nu:ia,mﬁﬁmfé gi;é'
* Jones, R. N; Wiltiams, V. Z ea, M. J.;

and Dobriner, K.; J. Am. Chem. Soc. 70 3024

Hadstknl;.'l..: Doetr, R. C.; -
and 8. Chgm. 48, 1948

) 'An, Edeihation of Filter R&diometry

A. J. Drummond

" The Eppley ‘Laboratory, Inc.
- - Newport, Rhode Island

The separation of radiant energy

emi'tted‘by a source into defined specfral com-

ponents may be attempted either with the aid of a spectroradiometer-or, some-

times, .more conveniently

which we are concerned are

by employing a filtering technique. Such sources with
generally natural (e.g., the sun and the terrestrial

atmosphere) or laboratory (e.g., a tungsten-filament lamp and other artificial

radiators). The use of filters,

hi

5 k]

Model - 21 Siave iecorﬁei"ifo be show
at Pittsburgh) sexactly ' reduces standard
Model 21 spectra to more convenient size

(82" x 11") for handling, mailing, filing.
See details on pages- 4 and 5, this issue.

VISIT OUR DISPLAY AREAS
- AT THE PITTSBURGH -
CONFERENCE, MARCH 3.7,
- PENN-SHERATON HOTEL.
LOOKFORUSIN
BOOTHS 7-8, 67, AND IN
- ROOM 690,
SEE YOU THERE!

94

Model 21 Slave Recorder - |

tive simplicity of,
the measuréments
and the low’ inten-
sities. of radiation
flux which can' be
detected; but, on
the other hand,
where' precise " re-
sults are demanded, I
careful ‘calibration = o
offiltersis essential, ~ A.J. Drummond
In radiation meteorology, there are
numerous applications of spectral data .
derived from filter measurements. For
example, a knowledge of the distribu-
tion, with wavelength, of the energy of
sunlight ‘is readily acquired by placing
" a series of colored glass filters, in turn,
in front of the receiver of a pyrheliome-
ter which is directed at the sun. These
_absorption-type filters should be so-se-
“lected to have well-defined cut-off char-
acteristics; in practice, it has been found -
easier to produce a sharp spectral cut-
off at ‘the lower rather than the higher
. ‘end of the energy band to be investi-
gated. After correction of the observed
intensity for losses through refiection
(and, to a much lesser extent, absorp-
tion), in the transmitted wavelength -
band, simple subtraction of one set of
measurements from the adjacent set
with lower cut-off-nearer the ultra-violet
end of the spectrum—and so on—yields

on the one hand, is attraétive by virtue of the rela-

the desired value for the wavelength .-

. band defined by:the centers of gravity
of the lower cut-offs of the respective
pair of filters. B

Another ‘equally important -aspect
_ continued on page 6

1




dependence of filter transmittance
in the thickness of the material; com-
ison - with _theoretically = derived
ues, from a standard set of meas-
ments for one thickness (usually 1.0

1.), would be a good indication of

homogeneity of the. material with
ard to thickness. In Fig. 4 (p. 8),
spectral bands resulting from the

of a 1;mm. and a 4 mm. thick filter -

- measurements treated differenti-
') are computed. '

‘he spectral characteristics of . two
rs are shown, in Fig. 3, (p. 7), for the
r infrared; these define three useful
ions with boundaries at 700 and
ut 1000 my.-

New Laboratories

“he Eppley. Laboratory has just com--
ed a new group of laboratories and

geophysical observatory -(for solar
lies), where the research and de-
pment program will embrace fund-
:ntal aspects of radiometry and pho-
etry, as well ‘as the more routine
bration of radiometers and filters,

A special effort will be made to
ly the effect of weathering on the
smission properties of filters in-
led for exposure out of doors.” The
cation is that the Spectracord will
tplement excellently the spectro-

tometric equipment already avail-

: at the Laboratory.

STANDARD INFRARED
EMISSION LINES

in- 1950 Plyler and Peters (Journal of
sesearch of the National Bureau of Stand-
. 6, 462-467) provided
andard emission spectra, in the region
‘om 0.5 to 2.4y, as obtained from a_Gen-
sal Electric AH-4 mercury lamp. These
ats are of prime importance as reference
-avelengths  in  spectrographic  calibra-

ons.
Within limitations of = 1 my, the results
f Plyler and Peters were confirmed re-
mtly at_the Eppley Laboratory, %
1 new Perkin-Elmer. Spectracord®
pectrophotometer with resolution of 1
i at a wavelength of 0.5 g, decreasing
? values of between 3 and 5 myu in the
frared region examined. - .

The Eﬂ:ley Laboratory, Inc. has asked
erkin-Elmer to make known the follow-
1§ errors in mercury emission line data,
Spearing in authoritative - handbooks of
aysical tables. -

Printed Should
as read
flandbook of Chemis-
try - and  Physlcs.”
(39th Edition, 1957-
1958, page 2695)
American Institute of
Physics Handbook.™
{1st Edition, 1957,
section 6, page 88)
aternational  Critical
Tables.” (Ist -
tion, vol, 'S5, 1929, e . e
page 299) 18333A 18131A
wilt be noticed that the lower wave-
L1 has been published § mu in error
: the higher wavelength 20 mu in
tor. Previous editions of ‘the “Hand-
ok of Physics and Chemistry” contain
¢ Important latter one for the last
+ years at least,

183334 181314

1.52452u 1.52952x
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The vPerf‘or'mthe of the.P-E quel 21

~ " In the Cesium Bromide Region (15-38p) ...'
Robert E. Anacreon '

- Supervisor, Sales Laboratory
- The Perkin-Elmer Corporation

We are constantly trying to increase
our knowledge of the molecule by study-

. ing its characteristic infrared vibrations.

Considerable information, not clearly
developed, however, within fundamental
infrared wavelengths (2.5-154), is fortu-
nately more clearly provided in the far

infrared (15-38y). Slight changes in

structure’ may produce changes in the
far infrared spectrum. Far infrared spec-
tra are more sensitive to crystal struc-
ture, and molecules that exhibit poly-
morphism are distinguished by their
spectra in the solid state. Characteristic
ring vibrations for substituted aromatic
compounds occur here. The fundamen-
tal vibrations of inorganic crystals such
as metal halides and the bond-stretch-
ing and skeletal bending vibrations for
heavy molecules such as chlorise, bro-

um bromide prism should, therefore,
incorporate some means for reducing
stray light. Double-pass or double-
monochromator instruments succeed in
reducing stray radiation to very nearly

zero, but at the further expense of al- -

ready low energy and wavelength range.’

- The reasons for ‘this loss in energy are

as follows:

1. There are losses in the photometry
of a double-pass system because of
the introduction of a second chop-
psr. - ‘ :

2. ‘Radiation_is being passed through
the prism-twice, causing greater en-
ergy loss through prism absorption
and reflection, especially at the long
wavelength limit. : '

3. There are an
- . 'S‘

increased number .of
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mine, iodine, sulphur and silicon, ap- -

pear in the far'infrared spectrum,

When spectra are to be recorded in
the far infrared or cesium bromide re-
gion, two factors can affect. accuracy of
results: lowered energy and stray radia-
tion. Actually these two factors are
inter-related. In the cesium bromide
spectral region (15-38 microns) follow-
ing the black body curve, the infrared
source energy is low. There are also very
strong interfering atmospheric bands in
the 15-38y region: In order, therefore,
to obtain enough energy for good re-
sponse of the instrument, it is necessary
to widen the slits of the monochromator.
Stray radiation then becomes a problem,
since it varies as a direct function of
the slit width.

Stray Light with. CsBr Prism
An instrument equipped with the cesi-
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mirror reflections, causing further
energy reduction, K
Limited Instrument Range

As an example of ‘the limited range
of a double-pass or double-monochro-

' mator instrument, we find it is-only pos-
sible to record to about 35 microns, with

a CsBr prism, even wher the instrument
is flushed with dry air to reduce water
interference.

Using the standard single-pass Model -

21 equipped with the cesium bromide
prism, we can record to 38 microns and
still maintain good pen response. All
that is needed is some means for reduc-
ing the stray radiation (which normally
is about 4% at 30 microns and rises to

over 40% at 38 microns) to a value .

which . would not seriously interefere
with accurate measurements in this re-
gion. o

. James Stewart of the National Bureau

9




“The Model 21 in the CsBr Region
(continued from page 9)

. of Standards in Washington solved this

-* problem by mounting two Reststrahlen

mirrors in back of the exit slit of the .
Model 21 monochromator. One is lithi- .

um fluoride, and the other is.calcium
fluoride. We investigated these. materials
and found that lithium fluoride was very
effective in reducing scattered light, up
to 30 microns. This is just as efficient

- as standard polyethylene and Eastman

. tion. Furthermore,

Kodak silver chloride filters which are
normally used in'a Model 21 equipped

with a cesium bromide prism. In the

region between 30 and 38 microns the
use of a calcium fluoride plate was ex-
tremely effective in reducing stray radia-
its reflection
greater than 80% through mest of this
range, thus maintaining energy.

Fig. 1 (p. 9) shows the scattered light
‘measurement out to 38 microns (a so-
dium chloride window was used in the
sample beam). It is not measurable out
to 33 microns. At 37 microns it is only
4%. This is a considerable improve-
ment and is the amount of scattered
light that one normally can easily cor-
rect (based on detector moise at these
long wavelengths). In addition, a stray
radiation measurement between 15 and
.30 microuns using the standard Eastman

is -

NROUEK SHYCT CUIVIIUG. Ao anu  saw
aluminized mirror in back of the exit slit
* (& calcium fluoride window was used in
the sample beain), showed no measiit-

30 microns.

~ Figure 2 shows a spectrum of amirio-
nia recorded out. to 38 microns. The
region between- 33 and 38 microns was
run twice to show reproducibility. The
transieats along the base line indicate
where the beam was deflected and the
pen aflowed to return to the base line.

There was good pen response and good,

reproducibility in this region. Extreme
difficulty would be encountered in- rec-
ording these bands on a double-pass or
double-monochromator instrument.

‘Bromo-Benzene Spectrum

Figure 3.shows the spectrum of bro-.

mobenzene in a .25 millimeter cell.
Note that the totally absorbing band at
*22 microns. measurés zero as does the
band at 32 microns. :

It is important to note that when
spectra are recorded in the cesium bro-
mide region, special care must be taken
to choose optimum instrument operat-
ing conditions, The reduced energy in
‘this region (as compared to the rock
salt region) makes the use of slower
scanning speeds and adequate filtering
essentials for good spectral recording.

. Figure 2
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able stray radiation in the region 15 to- -

Appendix: XVI ‘
MOUel £1 I BLAPUIIDIVIE g
) cominuqd from page 1 ‘

. Surface Chemistry Studies

About two years ago discussions were
held with spectroscopists of a chemical
company interested in the use of infra-
red for surface chemistry studies. Mono-
molecular films produce such weak ab-
sorption bands that existing instruments .
were incapable of recording them. Mul-
tiple traversals through the film increase
absorption and reveal much useful in-
formation, but large energy losses are
encountered, -

It should be noted that the perform-,’
ance which has been sought in the cases:
cited above required careful design of
the sampling system. Perhaps as ex-
pected, sampling arrangements for trace
analysis are usually pushed to the limits,
of optimum performance and con,-i
venience. _. '

Further steps are being -taken - in|

~ sampling system design. However, the

fast-moving fields of air pollution con-
trol, clinical analysis, and surface chem-
istry, mentioned above, and others such
as the low temperature study of free

_radicals, and the identification of small

quantitieS of materials separated by gas
chromatography call for large factors
of performance improvement. -

Examination of Performance Criteria

The amount of infrared radiation ab-
sorbed at a. given wavelength by a sam-
ple placed in the beam of an infrared
spectrophotometer can be determined
from the Lambert-Beers Law which re-
duces to the familiar expression, -

A, = aycl where A, = absorbance '
' a, = absorptivity
¢ = concentration
1= path length

The coticentration and path length de-

fine the number of molecules in the -

beam, and the absorptivity defines the

ability of the molecule to absorb radia- |

tion. For many samples, it is possible
by adjusting concentration and path
length to measure absorbance quite
accurately and to obtain an -infrared
spectrum which can serve for quali-

tativé_identification or quantitative an-
-alysis over wide concentration ranges...
It has been shown that the maximum

change in transmittance -is observed
for a given change in concentration
when the absorbance equals e or ap-.

- proximately 0.4 of an absorbance unit.

Thus on a linear transmittance instri- .

ment such as a double-beam spectro-

.photometer, maximum accuracy is ob-

served at this point.
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in wr lowers the signal-to-noise ratio
depending on the amount of radiation
absorbed by the solvent. If measure-

ment precision .is' to be maintained,

- electronic filtering must be employed

or slit width increased (with an ac-

companying decrease in resolution).
This produces slower pen response. and
requires- slower scanning rates. -For
example, analyses have. been attempted

sulted in background solvent absorp-

tion of all but 2% of the total beam .

energy. Placing 2% of the beam energy
full scale results in a substantial - in-
crease in measurement sensitivity. It
Is interesting to_note, however, that at
& transmittance of 2%, the absorbance
-Is about 1.6 units. If a cell 14 as thick
were used, the absorbance would be
0.4 unit and the transmittance, 40%.
The ratio between 40% .and 2% is 20x.
Thus, a factor of 20 in energy is given

BLICTRONIC ORPINATE EXPANSION SYSTEM
MODHL 2 INMARS SMCTIOMHOTOMCISY

Figure 1

up to gaﬁ a factor of 4 in sensitivity.

It appears that in differential analysis a .

large price must be paid in the signal-
fo-noise ratio for measurement sensi-
tivity once the absorbance of sample
plus solvent exceeds 0.4 absorbance
unit, i.e., the e point,

Trace-Gas Analysis
" A similar limitation occurs in atmos-
pheric trace-gas analysis where long
path lengths are required.. As men-
tioned above, the use of folded-path,
multiple-traversal cells of path lengths
of up to 500 meters have allowed part

per million components to be meas- |

ured at atmospheric pressure. An ex-
amination of the design criteria for
these cells which utiliz
mirror reflections .in their operation

:reveals that maximum efficiency is
A * achieved when, <7
where the cell thickness cliosen re- - ;

Ra=L Where R = reflectivity .
T ¢ n= number of passes

If gold mirrors are used, reflectivi-

_ties of the order of 0.975 are obtained
.in ‘the infrared region. ‘For this value,

the optimum number of passes is 40.

If the base. length of the.cell is one

meter, then 40 passes will .result in a
40-meter sample path length, »
In this cell, increasing the sample
path length to 160 meters requires 160
passes and results in an efficiency of
2.5%. A factor of 16 in efficiency is
given up-to gain a factor of 4 in de-
tectability. . _
This, limiting situation is similar to

- the example cited above for solvent

absorption. - : :
. The other area where weak absorp-
tion limits measurement precision is in

numerous

surface film studies; Here, absorbed
mono-molecular layers of ‘the order of
five to several hundred Angstrom uaits
are encountéred, Even for bands with
large absorptivities, . the largest absorb-
ance which will be observed in a single
film thickness is of the order of 0.0l
absorbance unit. Multiple traversal sam-
pling systems can be constructed, but
their efficiencies. are limited by factors
similar to those encountered in muk

. tiple traversal gas cells,

A Novel Approach.

This situftion has caused us to ‘ex-
amine the instrumentation’ problem to
determine if less strain might be placed
on the sampling system and more on
the . measuring instrument jtself. In
present quantitative wozk, it is not un-

-usual to set up an analysis to' provide

detectability of the order -of 1 part in
30 or 1 part in 100. To achieve this
performance, signal-to-noise ‘ratios of
100 or greater are employed by careful
adjustment of basic instrumental ‘para-
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" Model 21
S continued from page 11

meters—slit- width, amplifier gain, and
amplifier band pass,. - . -
Under ideal conditions, the best S/N
ratios obtainable from single-beam in-
frared spectrometers are of the order
of 400 (the basic noise at this level
being caused by source intensity fluc-
tuations due to line voltage changes).

It has not been completely appre-
ciated that double-beam optical-null

spectrophotometers which provide auto-
matic cancellation of source fluctuation
can be adjusted to achieve S/N ratios
of up to 4000. This is achievable by
using increased slit widths up to 7-
times those used for routiné analysis.
- Since energy is gained as the square
of slit width, a 7x slit change results
in a 49x increased signal level. (It
should be mentioned here that a con-
trol for maintaining stable servo mech-
anism performance under these high
signal levels must be available.) With
a S/N ratio of 1000 to 5000, a prob-
lem arises. It is ‘not possible to read

transmittance differences of 0.01% or -

dess. with a 20 cm. chart plotting

0-100% transmittance. .Since it is ob- -

viously impractical to increase chart
size, ordimate expansion is employed.
In other words, for a given transmit-
tance change, a larger change in pen

ition must occur which will allow

the operator to discern these small dif-
ferences.

Single-Beam Scale Expansion

Most  single-beam, infrared spec-
trometers are equipped with “zero sup-

pression” controls which allow the zero -

transmission level to be depressed, thus
expanding the upper transmittance
level. Ordinate expansions of 2 or 3

are possible by this means before the

basic S/N ratio limitation is observed.

Double-Beam Electronic Scale Expansion

Electronic ordinate scale expansion
is a versatile and convenient method to
_ increase sensitivity based on the ultimate

signal to noise capability of the double
beam spectrophotometer. -

~ In the original Model 21 Infrared
Spectrophotometer, the position of the
optical wedge is measured through a
direct mechanical coupling to the rec-
order pen. _ .

In Figure 1 (see p. 11), for electronic
ordinate expansion, the wedge position is
transmitted electrically by means of a
precision potentiometer coupled to the
wedge-drive shaft. This potentiometer,
in turn, is part of a bridge circuit in

12

Scale 'Exp'ans‘io

=4

which a follow-up potentiometer is
driven to null balance by a sérvo moftor.

* The pen is driven at the same time by

this motor to its proper ordinate posi-

- tion. An electrical switching citcuit al-

-lows expansions of 1x, 5x, 10x and

20x. Another control allows -any por-

tion of the optical wedge motion to be

expandéd. Thus, if it is desired to' ex-

‘pand the range 30-40%. T, the ordinate

expansion selector is turned to 10x, and

the pen position control is adjusted until

the 40% T point is at the top of the -
recorder paper.

(A} CaFy PLATE WASHED WITH CH,OH.(IX)
(SPECTRO GRADE) . . -

(B) CoF, PLATE WASHED WITH CH,0H AND
COATED WITH NUJOL.(1X) .
(C) SPECTRUM (A) ORDINATE EXPANDED [OX, .
(D) SPECTRUM (B) ORDINATE EXPANDED (OX.

Figure 4

g:-'m L D000 %00 2500 T H00 Woo ww Mo 57

o = = - :
3 e I ir e, ..’.i-...:.;i;'.:.:?!
. R Wy, _;:Fa‘ :

CCFILM THICRESSIIGS ¢

< T L ]

S e AN

- N

! ¥

{A)GF, PLATE WASHED WITH CCto,
(SPECTRO GRADE) 1X :
{B) SPECTRUM, (A) ORDINATE EXPANDED 10X .
(C) SAME PLATE COATED WITH THIN
FILM OF NUJOL 10X
{0} SPECTRUM (C) 20X

- Figure 5

Examination of Iso-Butane
The use of the electronic ordinate ex-
pansion is shown in Figure 2 (p. 11). A
10 cm gas cell containing iso-butane is

. placed in the sample beam of the spec-

trophotometer and the region 8.0-8.3,
is scanned. Weak absorption structure -
is absorbed using a 1x ordinate scale

N
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n Sy Sfelﬁ for Trace Analysis -
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with a signal-to-noise ratio of 100. This

" triplet is difficult to identify or measure

with any degree of precision. By de-
creasing the noise on the recording pa-
per by using increased slit widths and

lower amplifier gain, the readability is
“slightly improved,  but not enough to
-allow a large increase in méasurement

sensitivity. However, with a signal-to-
noise ratio of 400, using a 5x scale ex-
pansion, a real gain in sensitivity is
observed. Similarly, by increasing the
slits to obtain a signal-to-noise ratio of
1000 and ‘using a 10x expansion, a
further gain in sensitivity is obtained.

. When the signal-to-noise ratio is in-

creased to 4000 the triplet is no longer

resolved. However, even with low reso- :

lution, gain in sensitivity is observed
when a 20x scale expansion is used
under these conditions. To indicate that

a signal-to-noise ratio of 4000 was ob- .

tained with stable. long-term perform- '

ance, three separate runs were super- :

imposed, and excellent reproducibility
was obtained. The steps observed under

the “20x condition indicate that the |

resélution of the slide wire in the trans-
mitting potentiometer was limiting. By
using a potentiomefer with a higher
resolution degree, these steps are elimi-

nated.

. Figure 3 (page 11) shows electronic
ordinate expansion for a pure spectra

study with a 0.025 mm. cell filled with -

normal hexane: The various. regions of -

the spectrum were expanded to bring
out weak structure. The performance
under these conditions can be compared
to the spectrum of normal hexane run in
an 0.5 mm. cell with a 1x scale.

Mono-Molecuvlar Film Analyses

Figures 4 and 5 show the application
of electronic ordinate expansion for

- surface film studies where extremely

thin films which give very weak absorp-
tion bands are measured. The applica-
tion of infrared to mono-molecular film
studies now become a -distinct possi~
bility. '

Conclusion

The data indicate that the use of .

double-beam infrared spectrophotome-
ters equipped with means of ordinate
expansion under stable operating condi-
tions lead to a real gain in the ability

to perform trace analysis. This gain is '

obtained basically by using the control

-of signal-to-noise ratio, servo stability,

and resolution available in the double-

beam spectrophotometer.
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New Iﬁfr’ared. Microscope Attachm
Single Crystals, Fibers or Tissues

1~ Natural and synthetic fibers, single

crystals, tissue sections, bacterial cultures,

all have been examined and have yielded

excellent, reproducible infrared spectra
by means of a new infrared microscope
attachment for Perkin-Elmer Model 12,
112 and 13 Spectrometers, Useful spec-
tra have been obtained with as little as

0.1 microgram of sample. The new mi--

croscope should find wide applications

- in crystal.and fiber studies as-well as in

medical infrared studies. - o
* Requirements — The design require-

“ments of infrared microscopes, or more

accurately, infrared micro-sampling at-
tachments, have been rather thoroughly
explored in recent years, and a number

of systems have been constructed. All’

of these instruments have the common
property of measuring, as a function of
wavelength, the ihfrared absorption of
minute samples. The resulting absorp-
tion spectra are similar to the infrared
spectra of macroscopic samples so that

the well-known applications of infrared

. are possible.

—qualitative analysis,
quantitative analysis -
and molecular-struc-
ture investigations— -

" Infrared micro-
scopes have been
shown to be useful
where:

(a) amount of -
" sample is small,
(b) dimensions of
sample are small,
(¢c) sample isnon~
homogeneous. :
s Design~Thear-
rangemnient of optical
parts is indicated on
page 7. Energy from the exit slit of the
monochromator is incident on a field
mirror which directs it upward and forms
a reduced image of the pupil of the

‘monochromator (the Littrow mirror)

near the convex mirror of thé condenser.
By this means, light from the entire use-

Perkin-Elmer TV Colﬁr Projector Big Suéc_e# at -

AMA Meetings

Live color telecasts of medi-
" cal - procedures- were shown

on a four by six-foot screen

for the first time to thousands

of doctors during the recent

American Medical Associa-

tion meetings in New York.
| - A special projector, equipped
with Perkin-Elmer Schmidt-
type optics and. Columbia
Broadcasting System Labora-
-tories electronics, made the
large-scale projections possi-
ble. Inspecting the unit are
Joseph E. Bambera, left, CBS
project engineer, and Dr, Rod
8. Scott, of Perkin-Elmer.

New microscope ‘mounts directly on monoéhromator case’ of
Models 12, 1 12 or 13 Perkin-Elmer Infrared Spectrometer.
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ent Gives Routine Spectra of

ful slit length is concentrated at the
sample, The condenser forms a reduced
image of the exit slit at the sample space,
and at the same time reimages the Lit-
trow mirror near the center of curvature
of the objective mirrors. The objective
collects the energy which has passed

- through the sample; and then magnifies

Continued on page 7

Reactions to Proposals for a
Pure Spectra Program - :
Early in 1952, a suggested basis for a
pure spectra program was mailed to over
three hundred infrared users. Various
aspects of this proposal were discussed
in INSTRUMENT NEWS (2, 3, 2, and 2, 4,
2). More than one hundred and fifty

- replies were received, of which -about

eighty were sufficiently detailed to per-
mit-a statistical study. We wish to take
this opportunity to éxpress our apprecia~
tion to those who answered, and particu-
larly to those who gave _thoughtful,

" detailed responses.

The aim of the survey was two-fold:
first, to obtain information on field pref- -
erence to guide instrument design; and .

Continued on page 6

.




' PURE SPECTRA PROGRAM
. Continued frohg page 1

. second, to evaluate the possibility of
- such a centralized pure spéctra program. -

The results of the five major aspects of
the questionnaire were as follows: -

. L Spectral Presentation and Sam-
. ple State Specifications:

70.percent felt the spectral specifica-
_ tions were good, .25 percent felt they

were too tight, and 5 percent wanted a

tighter. specification in one respect or
another. ™, : '

35 percent normally worked to the
accuracy specified. o

75 percent would accept cm? as the
abscissa scale (this does not imply that
only. 25 percent would accept wave-
-, length, if such had been proposed).

A small (but vehement) percentage
wanted absorptance rather than trans-
mission plotted upward. e

With respect to sample state specifica-
tions, there was some desire for solids

in compensated solution rather than as

films or mulls. This s a difficult question,
and the KBr pressing technique may
.prove to be an acceptable solution.

¢ Tramsmittance vi. absorbances-—
The most thoughtful and concentrated

‘objection to overall presentation was the -

choice of transmittance rather than ab-
“sorbance. This group felt that absorbance
~or an absorptivity, as common in the
ultraviolet and visible, is a more funda-
mentally useful scale and that it is not
prevalent in infrared becausé of instru-
ment and sampling difficulties which will
eventually be overcome, that any thor-
ough :spectral collection should presup-
pose the future in this regard.

II. 'With regard to the bugaboo of
ensuring sample purity, 80 percent felt
. that the proposed method was as good
.as could be devised without excessive
expense.

NI In general, spectra would be sup-

plied from outside sites only when spec-
tra to the same specifications were requi-
-site for internal programs at that site.
The number that could be obtained from
outside sites was appreciable, but not
sufficient to carry the program. :
~ IV. The eight spectral sample classi
. fications in order of preference were:
-(1) Basic Organic Chemicals; (2) Sol-
. vents and Common Gases; (3) Biochem-
icals' (Food and Drugs); (4) Polymers,
Monomers and selected Compounds; (5)
Inorganic Materials; (6) Miscellaneous
End Products; (7) Petroleum Products;
(8) Miscellaneous Raw and Intermediate
Materials. The order is fairly predictable
with Petroleum Products occupying its
position because of intent not to overlap
A.P.L spectra in the early phases. .
o Sales Potential - A point of major

6
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What size #pecird dd‘ygp want to recof‘d?,

Want to record spectra on IBM ‘cards, on McBee cards, or on some other special
size forms? You can do it quite easily on any Perkin:Elmer Model 21 Infrared
Spectrophotometer simply by choosing the propeﬁ“;ibscissa scale- (by means of
the change gears provided) and by reducing the ordinate with the balance control. .
Energy is lost directly as the ordinate is reduced but this is usually. not serious.

. An attachment for reducing the ordinate without energy loss is under considera-
tion, as is the use of smaller chart paper for survey spectra. The McBee card .
pictured was supplied by the National Bureau of Starndards.:

. consideration was the question: Would

such spectra sell at $3-$5 apiece in suf-
ficient quantity to be economically feasi-
ble? A clear-cut answer was not possible
from the returned questionnaires be-
cause: 1) many “yesses” were accom-
panied by some qualification; 2) no data
could be- obtained from people who

" would become infrared users in the fu-

ture—~and they “would be more likely
purchasers; 3) allowance for “snowball-
ing” after initial acceptance is difficult to

judge. The impression - obtained from

overall study was that such a proposal
¢ould be economically feasible, that a
significant number of people would pay

$5.00 for an accurate infrared spectrum -

of a pure material. - .

"The point that gave pause, however,
was as to how the spectrum should be
provided, There was complete agreement
that the $5.00 should include the original
spectrum since this is always required for
ultimate measurement, check or compar-
ison. However, the original spectrum is
a bulky beast and does not permit casual
handling or frequent reference.

A relatively large percentage realized

100

and stated that, in addition to the original

spectrum, a McBee or LB.M. card is .

required and most felt that this should
be provided too. In fact, 75 percent stated
that they would not buy the originals if
the reduced copies of the spectra were
available through the N. R. C.-N. B. §.

punched card index. The summary of -

all the comments gave the impression
that what the field would purchase for
$5.00 was a punched LB.M. or McBee
card, in which there was mounted a
microfilm of the original spectrum with
provision for projecting the microfilm

spectrum on a laboratory .spectrum for

comparison. . .
In summary, it was concluded’ that
the proposal for a Pure Spectra Program
should wait for: 1) instrumentation that
will provide the spectral range, accuracy,
and logarithmic ordinate without the
checking and care necessary today; 2)

- better control of sample thickness and

solid state handling; and 3) a good com-
bination of providing both the original
spectrum and spectral index card. Of
these three, the first is the major effort.

' - V.Z.W.
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' NEW MICROSCOPE

Continued fror}t page 1

' the image of the sample at an adjustable -
"diaphragm. The energy then passes to a -
-second field mirror which forms an

image of the Littrow mirror near the
center of curvature of the thermocouple
condenser. The thermocouple condenser
forms a reduced sample image on the
thermocouple.

The condenser reduction is about
8.5X, the minimum required to fill-the
aperture of the objective with radiation
from the spectrometer. The maximum

" sample area is 650 x 220 microns which
‘corresponds to a maximum slit height.of
5.4 mm and the maximum slit width of

2.0 mm. The sample image at the ad-
]ustable diaphragm is magnified 25X. A
viewing system consisting of a transfer
lens and a 7X eyepiece can be used to
observe the image of the sample at the
adjustable diaphragm by moving the
viewing mirror into the light path. The
diaphragm is adjusted to frame the sam-
ple while the sample is bemg observed at
175X magnification. Anh image of the
exit slit is provided in the sample space
by an auxiliary diffuse light source so
that the sample may be centered.

" ‘The system is composed entirely of
reflecting elements, so that it is free of
‘chromatic aberration. In addition, the

RETRACTABLE THERMOCOUPLE
VIEWER ) CONDENSER
SHOWS SWPLE 2000 SMALL TARGET
ooy Fan

Qptical schematic diagram of Infrared
-‘Microscope attachment.

useful Wavelength range is not limited -

by absorption in refracting elements.
The Perkin-Elmer Infrared Microscope

- has been placed in the dispersed beam

between the exit slit and the detector,
thus avoiding the disadvantages of heat
or photochemical effects on samples.
The focal length of the objective is 8
mm, and the working distance is 32 mm.
The design allows 5.4 mm of the slit
height to be utilized with the microscope.

" Since this is about half the macroscoplc.

slit. height, the height of -the -thermo-

couple target was-reduced by a factor'af.
two with a resultant gain in the thermo--

couple detectivity.

* Optical Elements —The optical ele-'

ments are mounted on a convenient and
stable mechanical system. Focussing and
locking adjustments are provided for the
objective. Positioning of the sample is
accomplished by coarse and fine focus-
sing adjustments, rotation .of the stage

Appendix: XVII

and x and y translation using a mechan-
ical stage. The illuminator and viewer al-
low.accurate and reproducible position--
ing of the sample, The adjustable. dia-
phragm, used to restrict the field to the
area covered by the sample, is rectangu-
lar in shape, and its length and width are
in_dependently and continuously variable.
There is also a slide which allows inser-
tion of special diaphragms cut as masks
for u'regularly shaped samples. '

Continued on next page

Eliminating H,0 ar_nd Co, Bqncl's.froﬁ Infrared Spectrq

by E. V. Rouir and H. G. Dietz

. Numerous samples of plastics, plas-

ticizers, rubbers (natural and synthetxc) .

and lubricants are examined daily in our
laboratory. The rapid analysns of these

materials, often available 'in limited
quantities, is only possible by means of .

infrared spectrometry. In order to reduce
the time required for obtaining the ab-
sorption curve of the product to be

studied, our. single beam spectrometer
(Perkm—Blmer Model -12C) has been.

modified so as to obtain a direct record-
ing of transmission percentage.

Before air is passed into the spectrom- -

eter enclosure, it is freed of H,O and'CO,

by being streamed over a column of acti-

vated alumina. This product is prepared
by the Société d'Electrochimie d'Ugine
under the registered trademark “Activa-
lum.” The S1 grade adsorbs with an ef-
ficiency of 100 percent 12 to 14 g of
water, using 100 g of dry product, from
air at 30° C having a relative humidity
of 90 percent. The quantity of CO, ad-
sorbed is approximately 3-S5 g. The re-
generation of the aluming. is effected by
heating for several hours at 200° C in
an air stream, followed by cooling in a
closed circuit.

A group of 2 tubes has been connected

Spectrometer and air purifying battery as described by the authors in the above article.
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to a compressed air intake enabling one
tube to be used during the regeneration
of the second. Each tube contains 3 kg
of alumina and permits a three-day work-
ing period. In order to obtain a satis-

15 3 2 U w9 8 7 & S 43

Globar spégtrum before and after elimina-
tion of Hs0 and CO, from the.air in the
spectrometer enclosure. .

factory purification of the atmosphere,
the two housings of the spectrometer
have been connected by a bellows.

The first housing is extended by
means of a protruding tube. The cell is
fixed . at the end of this tube, and it is
brought into direct contact with the en-
trance slit of the monochromator. In this -
way the optical path remains entuely in
an atmosphere fiee of H,O and ‘CO;.

Submitted by'E. V. Rouir and H. G.
Dietz, Physics Research Laboratory,

- A.C.EC., Charleroi, Belgium.
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. &EW MICROSCOPE |

Continued from prea&ug page -
" made by using a high intensity infrared-

ﬁemncroscopea:tachment,nsmounted"
source {(carbon arc, zirconium arc or.

"-on the monochromator cover. It is 8o

designed that all the standard ‘macro-
scopic functions of the spectrometer are!
preserved and the charige from macro-
operation to nilcro-operatnon may be
made qmckly Access is provided for
easy pnsm interchange. In addition, pro-
vision is made for flushing the optical
path with dry nitrogen to reduce CO,
- and water vapor absorption.
« Operation—There are two fundamen-
tal points which should be mentioned in
discussing the operation of a micro-
scope. The first involves the size of sam-
‘ple necessary for obtaining ‘useful spec-
tral data, while the second concerns, the
purity of the radiation striking the mi-
crospectrometer ‘detector.

In practice, sample size is festricted
by limitations on both' thickness and
cross-sectional area. The thickness of a

ACRILAN FIBER Tu DIAMTTER
"o 9 8 *'r 6 5 4 3u
7 4 q

it 0 9 8 7

Fig. 1. Infrared spectrum of smgle ﬁber of -

Acrilan, -above, and cholesterol in CS,
(AgCl capillary cell), below.

particular sample is restricted to a cer-
tain range in order to obtain the proper
“strength of infrared absorption. The re-
quired thickness is almost the same as
for macroscopic work, -very frequently
being about 25 microns, a convenient
value for infraréed microspectrophoto-.
metry. The minimum sample area is that
required to provide sufficient energy for

' sausf;\cwty detection. A slgnxﬁéant de-
crease in minimum sample area can be

tungsten glower) although this has not

been incorporated in this instrument as -

yet. Additional reduction in sample size
- may be realized by employmg photo-

: conductwe detectors in- their limited

spectral ranges.
+ Sample Area—Because of the vanety

of factors affecting energy and their vari- v

ation with the wavelength, no smgle

minimum sample area can be stated as-

the limit even for a single instrument.

It is posslble to assume a particular
set of operating conditions for the pres-
ent instrument and to state the area limit
for these conditions. This has been done
to provide a guide to minimum sample

- area. The data, which neglect diffraction

effects, are given in Table I, below.

‘The reduction of impurity radiation
i.e., radiation passing around the sample,
is-especially important for quantitative
work: involving long, narrow samples
such as fibers. The Perkin-Elmer Infra-
red Mlcroscope provides for such re-

duction in several ways.  The viewer:

system allows precise alignment of the

. slit image, sample and diaphragm open- .
ing. The diaphragm is adjustable so that -

it can be made slightly smaller than the
sample image. The large numerical aper-
ture of the objective reduces the size of
the diffraction pattern. The objective is
free from coma, astigmatism and chro-
matic aberration, The spherical aberra-
tion is ¥4 wave, at the short wavelength
end of the infrared spectrum and be-
comes negligible at long wavelengths.
« Performance — The spectra shown

here were recorded with the infrared

‘microscope mounted on a Perkin-Elmer
Model 112, Single-Beam, Double-Pass
Spectrometer, The standard globar

source, a 60° NaCl prism, dnd the usual

amplifying and recording system were
used. The detector was a Perkin-Elmer

small-target (1 x 0.2 mm) thermocouple,

Signal
Wave- Peak-to-Peak Yime
length Noise Constant
{in.g) (in sec}
2 48/2.5 2.1
4 40/2.5 21
6 47/2.5 21
8 48/2.5 21
10 44/2.5 2.1
12 41/2.5 2.1
14 2.1 .

33/2.5

Tablel, GUIDE TO-'M--IO-IIMIiM SAMPLE Ail!A

Sample ‘Spectral
Height Width Area . Slit Width

(in ) fin p2) {in cm™Y)
100 6 600 34
100- 8 800 20
100 17 1700 12
100 - 25 .2500 6
100 35 3500 3.2
100 50 5000 -3
100 100 10000 S
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Close-up detail of microscope. Note dia-
phragm knobs at top: Sample stage area can

be flushed with dry nitrogen to reduce H,0 --
and CO _absorption. g

designed for use with the -microsqop',e.

"Using the full field of the microscope
“and identical slit widths, the energy

transmitted by .the microscope is about

35 percent ‘of that transmitted by the

spectiometer.
« Fiber Spectra—Figure 1 shows a spec-

trum obtained with a fiber of Acrilan |

17u in diameter, The size of the dia-
phragm - opening when imaged at the
sample was 10 x 65041 The optical path
was flushed with dry nitrogen to reduce
water vapor .and- CO, ‘absorption. The
time of running the spectrum was 15
minutes.

'« Liquid Spectrum—A short length of !
silver chloridé capillary tubing was filled '

with a 20 percent solution of chélesterol

in carbon disulfide, and used to obtain

the spectrum.shown in Figure 1. The
diameter of the hole in the tubmg was

102y.. The diaphragm opening at the -

sample was 50 x 650u. Nitrogen flushing

was used in taking this spectrum and the:

recordmg time was again 15 minutes. It
is shown by the complete CS, absorption
at'6.5u that.no dilution occurs with a

" sample of this size.
Abstracted from a paper to appear in

J. Opt. Soc. Am.
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Interferometric Method of Measuring the Spectral Slit Width of Spectrometers*

VinceNT J. CoATES AND HARBY HAUSDORFF
The Perkin-Elmer Corporation, Norwalk, Connecticut

. (Received December 20, 1954)

The spectral slit width of a monochromator is defined as the half-intensity band width of frequéqdes passed
by the exit slit. This paper discusses its measurement using methods similar to those used to measure the
frequency transmission of electrical networks, A Fabry-Pérot interferometer, used as a sinusoidal signal

generator, produces interference fringes constantly spacéd in wave numbers at

a known amplitude input

to the monochromator. It can be shown that the attenuation of the fringe pattern as the spacing is changed

is a function of the exit-slit output-intensity distribution function. From this

information the spectral slit

width in any spectral region can be measured and the exit-slit function indicated.

The sensitivity of measurement is limited by the

fringe amplitude obtainable from the interferometer,

which is a function of the reflectivity of the interferometer plates and their adjustment, Rays passing through
the interferometer at other than normal incidence tend also to damp the fringe pattern.

. INTRODUCTION

SPECTRAL slit width, defined as the frequency
interval, Ay, between the two points at which the
energy passing through the exit slit of a monochromator
is one-half its maximum value, is a concept used to
describe the output intensity distribution of a mono-
chromator.! When applied as a measure of the perform-
ance of the dispersive system of a monochromator, it
has validity.? It is also one of the factors influencing
the shape and intensity of spectral bands passed by the
monochromator. In the ideal case where the entrance
and exit mechanical slit widths are equal, a triangular
intensity distribution is obtained neglecting diffraction.
Spectral slit width, as defined above, adequately
describes this function. However, -when narrow me-
chanical slit widths are used, imperfections in the slit
jaws, inequality in the widths of the entrance and exit
slits, optical aberrations, diffraction effects, image
curvature, and misalignment of the optical system can
greatly affect the shape of the output intensity distri-
bution from the exit slit. :

It may be desirable to transfer the Beer’s law
extinction coefficients determined with one spectrometer
to another. The accuracy with which this transfer
can be accomplished depends to a great extent on how
well the output intensity functions of the two instru-
ments are matched. .

This paper proposes a method of obtaining an
indication of the output intensity distribution function
and a precise measurement of spectral slit ‘width.
Using this method, the mechanical slit widths with
which it is possible to transfer spectral absorption
data between two or more instruments with a given
accuracy might be determined for any frequency or
wavelength.

¥ Presented in part at the Pitisburgh Conference of Analytical

Chemistry and Applied Spectroscopy, March, 1952

! Harrison, Lord, and Leofbourow, Practical 'S_tec&rosoopy X

(Prentice-Hall, Inc., New York), pp. 134-138. ,
37' (zlg)r&,gg?cDonald, Williams, and White, J. Opt. Soc. Am.

THEORETICAL BASIS

In determining the band-pass characteristics: of an .
electrical network, it is general practice to apply a
sinusoidal sighal generator to the input of that network -
and observe the transmission of the signal as the
frequency of the sine wave is varied. The plot of trans-
mission versus frequency is the Fourier transform of
the response of the networkito a unit impulse. A
monochromator can be considered analogous in many
respects to an electrical network which has ideally a
triangular band-pass characteristic. The Fourier trans-
form of a triangular function is expressed by

sin®x
Ve=—r, (1)
where # is related to the band width of the system.

Interferometers of the Fabry-Pérot type placed in the
sample space of a spectrometer, produce interference
patterns which for low reflectivities vary sinusoidally
with frequency. The interference fringes produced in
this manner are equally spaced in frequency for a given
separation of the interferometer, d, and can be applied
to the calibration of spectrometer wavelength scales?

The frequency interval, », between succeeding
interference fringes is given by the formula

ot @
L A :
2ud
. where p=index of refraction of the medium between
the surfaces. By varying the separation, d, any fringe
spacing, ¢, can be achieved.

If the interferometer is applied to a monochromator,
much as a signal generator is applied to an electrical
network, then an expression can be written similar to
(1) for the amplitude of the interference pattern, 4q,

sin%x '
o= = : &)

(-1' R%nk, Shull, Bennett, and Wiggins, J. Opt. Soc, Am. 43, 953
953), :
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can be expressed o
'l;RIANGULAR DIFFRACTION PATTERN Ao=__' ﬂ.. (6)
Ao Ao ) - @ : :
' : Case (3) is almost never observed in practice in
J/E/ Aj%\al/ infrared spectroscopy. However, the condition indi- ;
cated in Fig. 1, Case (4) can often exist. Here one slit |
, . is slightly larger than the other, and a trapezoidal :
Si1=S2>20 S1=52+>Ao distribution is obtained. The Fourier transform of this
_CASE (1) CASE.(2) function is expressed
sinefsin(a—
T )], 0
RECTANGULAR ‘ TRAPEZOIDAL . « a—y
Mo Ag -where y is a function of the constant difference between
. > jey the slits. When y=¢, a rectangular function obtains.
) Ay Ay When y=0, a triangular function obtains.
/ s The four cases are idealized. In practice diffraction
o T always exists at the edges of the slits and imperfections
$;5>8,> A $>S,> A4 in the optical system introduce other effects which
: change the shape of the slit intensity function.
- CASE(3) CASE (4) Figure 2 shows a plot of the transforms expressed in
R Egs. (3), (5), and (6).
Fre. 1, The four cases shown represent in idealized form the THE METHOD

general exit-glit intensity distribution functions which may exist.
51 and S; are the m ical widths of the entrance and exit
slits. Ay is_ the center wavelength and Av is the spectral slit width

where a is a function of the fringe spacing, », and the
spectral slit width, Ay, of the monochromator, and may
be expressed as follows:

TAy
a=-—

V’

@
Equation (3) is written to express the Fourier
transform .of the triangular slit intensity distribution,”
‘which occurs at wide slits when the entrance and exit
slits are equal, and the optical system is in good adjust-
ment (Case 1, Fig. 1). When the slits are made narrow
and equal such that their width approaches the wave-
length of the radiation passing through, thén a diffrac-
tion pattern is obtained (Case 2). The intensity of a
" diffraction pattern can be expressed

sin?y’ -,

. o=—;—y— (5)
y 2

which is similar to Eq. (3). Furthermore it can be
shown that the Fourier transform of Eq. (5) is a
triangular function, It is interesting to note that the
distributions for the two cases are Fourier transforms of
each other. , .

When orie slit is very wide with respect to the other,
and both slit widths are large with respect to the wave-
length passing through, a rectangular distribution
similar to that shown in Fig. 1, Case (3) is obtained.

‘The Fourier transform of the rectangular function
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According to formula 7(2), by continuously varying
the distance, d, between the windows-of an inter.
ferometer placed in a spectrometer adjusted to a given
wavelength and mechanical slit widths, the fringe
spacing, ¥/, can be varied until an attenuation in fringe

amplitude which approximates the shape of one of the |

functions plotted in Fig. 2 is observed. At some point,

the fringe amplitude should equal zero. The fringe !

spacing computed at this point (e=) would theoreti-
cally equal the spectral slit width of the spectrometer,
regardless of the intensity distribution function. A
plot of fringe amplitude vs « should reveal the intensity-
distribution function which exists.

| { 1 1
" FOURIER TRANSFORMS

OF EXIT SLIT INTENSITY
\ DISTRIBUTION FUNCTIONS

1.0

N
0.8 N L 1 T T

. \ L~ SIN G -(FOURIER TRANSFORM OF
v a RECTANGULAR F UNCTFION)

& 06 : } ) ! ] }

. '\ Y 1~Kee (FOURIER TRANSFORM OF
al DIFFRACTION FUNCTION)

0.4 Y | 1. | | |

LI 1 ] [ 1
\\_sin?a. (FOURIER TRANSFORM oF
TaZ " TRIANGULAR FUNCTION)

\
0.2 % :
& ) ”"-'.\\
0 . S et e N 1 he
Y 7
© % A ¥ n F
. " L

F16. 2. The three curves plotted are the Fourier transforms of
the exit-slit intensity distribution functions shown in Fig. 1,

-Cases (1), (2), and (3). Note that when Ao=0, a=1 for the three

cases. « is a function of spectral slit ‘width.
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This method of measurement is limited by the ability
to change accurately and continuously the interferom-
eter spacing over the required interval. ‘

An alternate method offers more promise for the’
direct measurement of spectral slit width. An inter- -

ferometer is constructed with a separation, d, calculated

~ to provide a given fringe spacing, +'. The mechanical -~

slit width is set to a given value and the interference

" pattern recorded over the frequency range of interest.

As the spectral slit width varies in accordance with the
dispersive properties of the prism,? the interference

fringe amplitude changes. At the frequency where the ,.
spectral slit width is equal to the fringe spacing (a=7),

the amplitude is observed to equal zero.

The data shown in Fig. 3 was obtained with s silver
chloride plate 0,25 mm thick. The fringe spacing,
approximately 9 cm™, ‘varied slightly as the refractive
index of silver chloride changed, but was assumed
constant over -the frequency interval used. (More
constant spacing is obtained using two crystalline
windows with an air space between.) _

Curve 4 indicates the interference pattern obtained

 over the range 1500 to 700 ém~! on a Perkin-Elmer
- Model 21 infrared spectrometer, recording linearly in

frequency. The slits were adjusted to give approxi-

. mately maximum resolution. It was observed that the

fringe amplitude near 800 cm~! approached approxi-
mately 27 percent. This is a region where the spectral
slit width of the spectrometer is of the order of 2 cmn1.
This spectral slit width is considerably smaller than
the fringe spacing of 9 cm™. N

Curve B indicates the interference pattern obtained
using a’ constant slit width of 0.400 mm. Note that the
amplitude of the fringe pattern approaches zero at

approximately 1110 cm (a=r). Note that a-secondary-

fringe pattern also appears which reaches a maximum
at 1220 cm™ (a=3x/2). This is in accordance with the

sin®e/a? curve in Fig. 2. It can be deduced from these .

data and formula (4) that spectral slit widths of 9

cm™ at 1110 cm? and 13.5 at 1220 cm! are obtained -
- when the mechanical slit width is set to 0.400 mm, and

that a triangular distribution function exists.

The pattern in Fig. 3 was obtained using rather large
mechanical slit widths. It would be expected with very
narrow slits that the exit-slit function would approach
a diffraction pattern and the amplitude of the fringe
pattern would tend to follow a linear function as shown
in Fig. 2. The spectral slit width could be calculated by
observing the frequency at which the fringe amplitude
approached zero for a given mechanical slit width.

For any exit-slit intensity function, it can be shown'that_

the fringe amplitude will reach zero at the a=r point.
This fortunate situation relieves this method of am-
biguity in the measurement of spectral slit width,

FRINGE AMPLITUDE .

The accuracy of this method of measuring spectral
slit width depends to some extent on the fundamental

SPECTRAL SLIT WIDTH OF SPECTROMETERS
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F16. 3. Curve A shows the interference pattern obtained on a
double ‘beam infrared spectrometer recording linearly in fre-
uency and transmittance under maximum resolution conditions
?slit width 0.090 mm). Curve B was obtained on the same instru-
ment with the same interferometer with a wide mechanical slit
width of 0.400 mm. Note the secondary fringe pattern which -
appears near 1200 cm™. The fringe spacing, »', was about 9 cm™.

amplitude of the interference pattern. As the amplitude
of the interference pattern is increased, - thé accuracy
with which spectral.slit. widths_ niay be measured is
improved. The reflectivity gf the interferometer
windows determines the theoretical interference fringe
amplitude which can be obtained. The reflectivity, R,
near normal incidence for transparent crystalline -
materials can be determined from the following expres-

sion, which neglects absorption: :

p—1y?
R= (—-— . .
pt+1/

The reflectivity, R, can be applied to the following
expression to determine the theoretical peak-to-peak
amplitude, Az, of the interference fringes in terms of
percent transmittance where collimated radiation passes
through the interferometer near normal incidence:
1—R\?

—) X100.
1+R

" ®

Ap=1— )

1t is assumed in the above discussion that the inter-
ference pattern is a true sine wave. For values of 4p
below 30 percent this assumption is essentially correct.
However, as the amplitude increases the maxima
sharpen and the minima broaden. Interference patterns
involving. multiple reflections arise and these are
superimposed on the fundamental fringe pattern.

Each of these can be treated as a separate set of
fiinges whose path lengths are multiples of the path
length, d, in which the fundamental interference takes
place. They are sinusoidal and can be treated as
harmonics of the fundamental pattern. The fringe
separation, »,/, for any harmonic, #, can be computed by
modifying expression (2) as follows:

1
2und

(10)

Vo' =
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Fi1c. 5. The spectra compare t}ie suggested method of medsuring spectral slit width to the normal one of observing
* the separation of the rotational bands of gases in the region above 2000 cm™, . )
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" Fic. 6. Fringes produced by interferometer with rock salt windows coated with germamum
. It is similar to Fig. § for the region near 1700 cm™.

obtainable from thick crystalline windows. Also, phase
shifts occurring on reflection from the film will vary

with frequency and alter the effective spacing of the .

interferometer, introducing considerable complication

. INTERFEﬁbMETER MEAéUREMENTS 3

E [ X ABSORPTION BAND MEASUREMENTS 7
% —~CALCULATED, RESOLUTION

o x
8 & .

3 T

2 N

¢ N

§ — i

UNFINITEL Oh -

12 . VFINITELY NARROW SLITS) N

: ‘ ' AN

. \ %

. .
4000 3000 2000 1000

FREQUENCY IN cM~' -

¥, 0. Fringes produced by interferometer with rock salt
windows coated with germanjum, The is a plot of calculated
Apeeirpl alit widths for the Perkin-Elmer Model 21 using a rock-
#4l(. prlsm. The spectral slit widths measured in Figs. 5 and 6
}l!iﬁgﬂm closely spaced absorption. bands method and the inter-
erineitic method are plotted as crosses and dots, '

in the measurement. (Figure 8 compares the specular
reflectance of the germanium-coated rock salt windows
with a KRS-5 crystal window. Note that the' KRS-§
provides nearly constant reflectivity over the spectral
range of interest. However, its reflectivity at high
frequencies is considerably less than that of the ger-
manium-coated windows,) - : ,

The values of Az and A r given in Table I'and Fig. 3
assume an interferometer with perfect windows,
parallel and flat. Interferometers can be constructed

40} \ GERMANIUM COATING ON U
ROCK SALY (100 A THICK)
w ) : A5° INCIDENCE
Q
30 .
__/KRS<5 -10° ncioewcE TN

20 ~ . ~—

€
4000 3060 %65 1000

FREQUENCY IN cM~!

Fi6. 8. The spectra shown above were obtained expérimentally
and rgprwent reflectance from a single surface, Note that the
KRS-5 crystal dprovided nearly constant reflectance over the
region measured, This agrees with reflectivity data calculated
using published refractive indices for this material,
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(15) ABLE:DIE FOR: ¥HE ;
PRESSED POTASSIUM- BROMIDE TBCHNIQUE
Harry l-la\udorf, The” Perkui- ;

is; isphyed on & mcher graduated
! y .with opticdl -4 ty; ‘and also carrying
transmission scales; A featitre of the- instrument
it that.-it- employs - specia] ‘cuvettes with a 1 em.
lighit path - haviiig, -volugies of . 0,010 ml. Micro
.cuviettes of this, type with Jight paths up to 5 em.
can -be accommiodated.. Macro cuvettes with hght

RBGION 210 mu to - 2300;inu
v.J. Ooates. T. Mnller, A Savitzky
erkin-Elmer . Corporation,
The Pcrkm-Elmer Mo&el 21 Double- Beam Re-
ourdmg lnfrared s?ecu'ophotometcr employs 2

cal: system. The con-

paths from 1 to 5 cm. having of
ml. ‘can also be used Examples of the _use_of
the mcu'ux:lnem in bio

wi

2) SOME A!‘PLICATIONS OF THE
MICRO—VOLUME TECHNIQUE TO EMISSION
S?BCTROCHEMI Y AND METALLURGY

y ). K. Hurwitz
Mmes Branr.h, Otmwa, ‘Ontario, Canada

‘There 'has ‘been. 2" growing metallurgical interest
in segregation oi oymg constituents and trace
clements in casting’ and in the study of solid
state diffusion ‘phenomena. To obtain the neces-
sary -analytical- data, a- rapid quantitative spectro-
graphic tcchmque has been developed, In prin-
ciple, the specimen is moved over a spark dis-
charge while the photographic plate is lowered

\
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trols provided on this insmunent :allow. the oper-
ator to vary. its operating.: conditions. over a
wide range, optimizing its periormmce for a
given problem. It might be expected- that by
the addition of the proper nureu, prism and
detectors satisfactory perfoimance can be obuined :
in the ultraviolet, visible and:near infrared poi

tions of the spectrum, without affecting its in-
frared pcrformnncc which presently extends to
37.5 microns.

On an experimental basis, a standard instru-
ment has been converted for operation in this
region while maintaining its function as an infia-
red spectrophotometer, The design of the various ;
attachments and the problems involved in .pro-:
viding simple interchange are discussed, The per-;
formanoc obtained with this system is shown.
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MODEL 21

"IN '_I'HE"REGION 210mu TO 2000mu

B VINCENT COATES, THOMAS MILLER, ABRAHAM SAVITZKY

The Perkih-‘Elmer Corporation, Norwalk, Connecticut

Introduction

The Perkin-Elmer Model 21 Infrared Recording Spec-
trophotometer presently has the ability to provide accu-
rate, high resolution absorption spectra in the infrared
portion of the spectrum from 2 to 37p. (1-3) This paper
describes the conversion of this instrument for operation
in the ultraviolet, visible and near infrared from 210 to
2000my. This is a logical extension of the performance
of this instrument. Its original design principles make it
well suited in many respects for operation as a universal
transmittance recording absorption spectrophotometer. It
employs an all-reflecting £4.5 optical system and its null
balance - principle is not limited to any one region of the
spectrum. The mechanical and electronic systems are stable

and capable of handling the signals produced by photocell

as well as thermal detectors.

The prism interchange feature of the Model 21 allows
quick and simple interchange of prisms for any region
and their specific linear wavelength cams and slit pro-
gramming potentiometers-without tedious recalibration of
the system.

Design Principles

In order to obtain optimum performance in the ultra-
violet, visible and near infrared regions of the spectrum,
it is necessary to separate these’ portions of the spectrum
and to utilize the source and detector combinations which

- will provide the best performance in each region. It would

be possible to scan this region with a single source and a

single detector. However, such a procedure would yield -

relatively poor performance over most of the range.

" The sources, prisms and detectors réquired to provide
optimum performance in various parts of the spectrum
are shown in Figure 1. The sources and detectors are placed
ta provide dispersed radiation in the sample space. This is
important if one wishes to avoid photochemical effects in
the sample which might occur if the full undispersed beam
were to fall upon it. The monochromator is operated in'a
reversed direction from that used in the infrared region.

14

, 112

350 700
550

WAVELENGTH
IN MICRONS — 205

PRISM

FUSED SiLICA
ROCK saALT

I

SOURCE
HYDROGEN ARC
TUNGSTEN LAMP
NERNST GLOWER

fate o e

DETECTOR

PHOTOMULTIPLIER
LEAD SULFIDE CELL
THERMOCOUPLE

e e = — o

FRTIN
‘e

L
FiGURE  I—Prisms, sources, and detectors used to cover the region
0,205, to 15.5p with optimum performance.

Description

The optical system of the Universal Model 21 Spec-
trophotometer can be seen in Figure 2. The radiation from .

15007

Figure 2—Optical system of the Universal Spectrophotometer.

the hydrogen lamp H, falls on .the off-axis ellipsoid M17.
This mirror, in conjunction with lens L3, forms a five
times magnified image of the source on the slit S2, Mir-
rors M16 and M14 are flat mirrors. The window, W, in ‘the
monochromator housing is made of calcium fluoride which
is transparent to ultraviolet and visible radiation,




‘The radiation from the Tungsten lamp falls on mirror
© M20 which directs the radiation to the spherical mirror
M19 which, in conjunction with lens L3, forms a two
times magnified image of the Tungsten filament on the
slit S2. The mirror M18 is rotated into the bean and
chooses either the Tungsten ribbon filament optical path
or the hydrogen lamp optical path. Its position is fixed
by a detent arrangement and is reproducible.
The ‘mirror M16 and the lens L3 serve to take the
energy from the Hydrogen or Tungsten lamps and direct

it into the monochromator.. These two elements are mount-

ed as a unit and can be removed ot readily assembled on
the instrument, They. utilize. 2 kinematic mounting ar-
rangement and are held in place by spring clips. When
they are removed, the radiation from mirror M14 is di-
rected to the thermocouple ellipsoid M15 which focuses the
.fadiation from the exit slit 52 onto the thermocouple de-
tector. The lens L3 is used to form an image of the pupil
of the monochromator (the Littrow mirror) on the sur-
face of mirrors M17 or M19.

Ficure 3—Rear view of instrument showing source assembly and
sample space cover in place,

~ Figure 3 shows the source system which is contained
in a rigidly mounted box fastened on the rear of the in-
“strument base. Figure 4 shows a view of this box with the
- cover removed. The mirroi mounts are designed for rigid-
ity and simple adjustment of their optical elements. Suit-

able baffles are provided to eliminate stray radiation. Vent -

holes are provided in the base and in the covér to allow
dissipation of heat from the sources. Cables bring the

power from the source power supplies which are cabinet

mounted as shown in Figure §,

The Hydrogen lamp is a standard Beckman 2230
and the power supply is the standard Beckman 2965. It
has been found that this high intensity lamp has long
life and stable operating characteristics. The Tungsten
lamp is a standard General Electric type 9AT - 814 with
vertical ribbon filament. Its supply consists of a step-down
transformer (115 VAC to 6.3 VAC) and a voltage drop-

ping resistor of 25 ohms in series with the transformer .

primary. This resistor reduces the voltage applied to the

Appendix: XX

Ficure " 4—Hydrogen and Tungsten source optical assembly, Cover
removed, '

FiGURe §—Cabinet containing source and detector power supplies.

lamp to é. 0 VAC. :
The prism mterchange assembly utilizes a $0° Corn-
ing fused silica prism. This material has been developed

* by the Corning Glass Works of Corning, New York and

its properties are particularly good in the ultraviolet and
visible regions of the spectrum. (See Figure 6.) It docs .
not exhibit the strong absorption band at 240mp which
is observed in standard commercial fused quartz and .it
has good transmission to 2000mj. However, it ex-
hibits some strong absorption bands in the near infrared
region of the spectrum. It has a moderate band ac
1385my and a second strong band in the vicinity of

2200mj. The double beam symmetry of thc Model 21

was adequate to cancel these two bands.
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FiGURE  10—The Nernst assembly, left, and the detector ‘assembly,
right, are designed to be interchangeable. The detector assembly
mounts a «'photo-mgltiplier tube and lead sulfide cell, ’

The 1P28 Photomultiplier Tube is a high sensitivity
U.V.-visible detector. Its peak sensitivity falls in the re-
gion of 450mu. Its envelope is transparent to below

Ficure ’_X‘;; :f access “°1°.“l"df" i“l’“‘“‘"“‘ control panel. Wing 205mp. The lead sulfide cell is a photo-conductive de-
ot 08 detector sssembly in place. Lower receptacle is used tector which has a2 useful: tange of from -500my to

- for detector assembly. Upper teceptacle for Nernst Glower As- . F
sembly. ) © -2700mp. It has a target size of 1x émm. The thermo-

couple, mounted in its normal position after the exit shit,

have been’ mounted on a single assembly which fits through is operated through the range from 1 to 37p.
the access hole of the source optics housing floor, It is.

guided in place by a guide shaft and then bolted down. Performance .
In one position, the lead sulfide cell is reproducibly locat- - Figure 11 illustrates the survey performance obtained
_ed; 180° of -rotation places the potomultiplier tube in in the ultraviolet region of the spectrum. Tt was discov-
the proper position. A cover plate closes off the access hole €red that the noise level near maximum resolution was low
and prevents room light from entering the detection sec- enough in this. region. (0.259 peak-to-peak) to allow
tion. - * optimum performance at very fast scanning speeds. The
100 (I T T T [TTT TIIITIT - [
N FrrT 11 :
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i 4
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Ficure 11—~The above recotding illustrates the sutvey performance in the ultra-violet region at high scanning speed.
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scanning time .for a normal survey run was limited only
by the slewing speed of the servo motor driving the op-
tical wedge. The fine structure in the benzene vapor- spec-
trum is well resolved when the scanning time for the full
region is 1- 2. minutes. Maximum resolution was obtained,
as shown in Figure 12, in 2 10 minute scan using narrower
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FiGURE 12—~The lution of .benz vap'or steucture shown above
- .IS near the maximum capabilities of che instrument. The band
separation at 248.5my is about 0.15mu.

slits. The resolution . observed . at 248my is 0.15mg. For
liquid samples, where the bands are -considerably broader,
an accurate spectrum can be obtdined in less than 2 min-
utes. A ‘change in slit curvature, which is -presently opti-

- mized forthe infrared, would bring a further improve-
ment iri resolution. ‘ L

"ULTRAVIOLET AND.VIBIBLE REGION= - - - _MODER ‘$1.0 UNIVERSAL
- NORMAL SCAN (3-4 MINUTES) I

TRANSMITTANCE

. 4 . ’
tio 250 300 3%0 400 " 4% . %00 | S50  e00 - &b
| WAVELENOTH N ma

e

Fl(;U'R'E 13—TFhe Did_ymi_ug glass spectrum shown above was recorded
in the visible, regfon. The zéro line in the ultraviolec region
shows the low.scattered light.

. The well-xjgsolire_d.. spectrum of Didymium glass shown
in: Figure 13 mdxcates .the performance obtained in the
visible. The stray light, which was riegligible in the ultra-
violet, is 4 maximum of 1% through this region: Optical
filters can be utilized to reduce this to a small value.

Figure 14 shows a Didymium glass spectrum recorded. .
from 550 to 1000mp, using two. different detectors, the
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Ficure 154—The above: spectra illustrate ﬁfie"étossji'éi"er region of the
photo-multiplier and.lead -sulfide " defectors. Notethe difference
in readings dbtained  in'.the range "aI)ovE 760mp. The lead sul-
fide "cell provides acéurq;é .b-'eiforman'c"eix_x this region,

1P28 photomultiplier and the PbS' Gell. The ;Tungsten'lamp
was used as the source for eachfr;ilh.,'l‘t s id th_jg.'speét,ral
region that the sensitivity of :both detectors has fallen to
a low value; the 1P28 (peak sensitivity about 450my.)
is decreasing toward long wavelengths and the PbS cell
(peak sensitivity abc;qt 2000my) is falling off toward
short wavelengths. Thus it is here that a small amount of
stray light of wavelengths near the peak sensitivity region
of either detector will produce a relatively large signal, thus
causing a zero offset. This zero error can be minimized
by changing detectors at the wavelength at which the
stray light observed with either detector crosses. The cross-
over point for this instrument occurs at 700my. Fortun-
ately, the s[}ectra'l sensitivities of the two detectors also

cross in this region.

The performance of the instrument in the near infra-
red region from 700mu to 2100mp is shown in Figure 15.
The noise level is low (0.25% peak-to-peak aiid the reso-
lution is high “(approximately 2my at 1500my) for a
§- minute scan. The cancellation of atmospheric water

. vapor absorption near 1800mmp. and prism absorption at

1385mpu is complete,

The photometric linearity of the instrument in the
ultraviolet region -is shown in Figure 16. The érrors in
linearity observed at absorbances below 1.0 are small; Er-
rors in the ‘optical attenuator are apparent at higher ab-
sorbance values. Maximum accuracy is maintained for
strongly absotbing materials by placing calibrated absorb-
ers such as screens in the reference beam, thus utilizing
the transmittance scale in its most linear region. In the
same manner, solvent absorption is compensated by ‘plac-
ing a cell filled with solvent in the reference beam, Thus,
only .the spectrum of the sample is recorded and measured.
Such differential recording methods allow the measurement
of smiall traces of samplel in heavily absorbing solvents.
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Ficure 15~The near infrared region is recorded with high resolution
and low noise level. The survey spectram of chloroform shown I
; YR Conclusion

above illustrates the performance in this region.
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Fioure 16—The photometric: linearity of the instrument indicated
above allows its application to accurate quantitative analyses.*

The addition of the proper sources, prism and detec-
tors has exténded the range of an infrared spectrophotom-.
eter, providing high performance operation in the ultra-
violet, visible and near infrared regions. Simple and quick
conversion from region to region is provided. The con- .
version from ultraviolet to visible or near infrared opera-
tion requires only a few seconds. The conversion back and
forth from infrared operation requires _approximately. 30
minutes, . y

This instrument provides ‘ébsorption data tiiroughout
the oresently useful spectral range of liquid, solid or gas-
eous samples.
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- UNIVERSAL SPECTROGRAPHIC METHOD FOR THE
ANALYSIS AOFVI,'RON AND STEEL

SOL WEISBERGER, FRANK PRISTERA, EARLE F. REESE

Picatinny Arsenal, Dover, N. J.

Summary

A universal spectrographic method has been developed
for the determination of the following elements in iron

and steel: Silicon, Manganese, Nickel, Chromium, Cobalt, .

Molybdenum, Titanium, Niobium (Columbium), Vana-
dium, Aluminum, Copper, Silver; Lead and TFin. The meth-
od has proven itself highly satisfactory in classifying or
characterizing samples of iron or steel. 1t is universal in
that it can be applied to ary sample of 0.010 gram or

117




Appendix XXI

H
k
5

NANOSPEC 20IR INFRARED MICROSCOPE SPECTROPHOTOMETER

]

INC

>

[INTRODUCED 1980 BY NANOMETRICS

118




INDEX

A
Acquired Immune Deficiency Syndrome [AIDS)], 37
Air Force, United States, 5
Air Pollution Control District [APCD], 8
Alzheimer’ s disease, 3, 36-37
vaccine, 37
American Cyanamid Company, 5, 16, 18
American Optical Corporation [AQ], 3, 5, 22-23, 28-29, 33-34
Model 10, 30
American Physical Society, 38
Applied BioSystems, 36
Argonne Nationa Laboratory, 21
Astronomical telescopes, 5, 15, 38
Astronomy, 5, 16
Atlantic Ocean, 2
Atomic Absorption Spectroscopy [AAS], 24-25
Atwood, John, 3, 7

B
Background-atmospheric absorption, 12
Baird Atomic, Inc., 11
Beckman Instruments, Inc., 10-12, 17, 24
diffraction-grating instrument, 11
flame sources, 25
Model DU, 17, 42
Bell Labs, 29, 31-32
Berkeley, University of Californiaat, 3, 37
Bermuda Officer's Club, 2
Bernes, Michadl, 6, 31
Biemann, Klaus, 5, 18-19, 39
Bodenseewerk Perkin-Elmer G. m. b. H, 24, 26-27
Breaker-type DC amplifier, 5-6
Brenner, Nathaniel, 6-7, 12, 39-40, 46
Bridgeport Brass Company, 1, 5
Bridgeport Engineering Institute, 1, 3,5
Bridgeport, Connecticut, 1-3, 5
Brueske, George, 15
Buffalo, New York, 29, 33
Burlingame, Al, 39

119



C
CdliforniaInstitute of Technology [Caltech], 33
Cancer, 31
Carl Zeiss Jena, 5
Cary Instrument Corporation, 30, 33
Raman spectrophotometer, 30
Cary, Howard, 30, 41
Chance-Vought Aircraft Company, 2-5, 17
Chicago, University of, 21, 28
Coates and Welter Instrument Coproration[CWIC], 22-23, 28-29, 33-34
field-emission gun, 28
Coates, Vincent J.
at design-drafting board, 4
a Yde University, 2
brother [Coates, Joseph (Joe)], 3
brother [Coates, William (Bill)], 3
daughter [Manning, Darryl], 3
daughter-in-law [Coates, Sarah], 3
as director of R&D, 11, 26
asEnsign, 2
father [Coates, Joseph], 2
hired at Perkin-Elmer, 6
in grammar school, 1, 3
in high school, 1, 3,5
in hydraulics laboratory, 4
in shipboard training, 2
grandaughter [Coates, Meloni€], 3
grandaughter [Manning, Lauren], 3
grandson [Coates, Carl], 3
grandson [Manning, Tommy], 3
as HIPE vice president, 21
mother, 2, 3
philanthropic investments, 36-37
sister [Coates, Ethel], 3
son [Coates, John (Trevor)], 3
son [Coates, Norman], 3
son-in-law [Manning, Gerry], 3
wife [Coates, Stella], 3
Coke, 36
Coleman Instruments, 17, 21
Model 139, 21
Colthup, Norman, 16
Colthup Chart, 16
Columbia University, 12
Consolidated Electrodynamics Company [CEC], 18-19

120



mass spectrometer, 18
Crew, Albert, 21, 27

D

Defense contracts, 1

DeRisi, Joseph [Jog], 6, 32, 37
microscope-dlide array, 37

Diffraction gratings, 11-12, 17, 30

Direct current [DC], 6

Dow Chemical Company, 6, 44

DuPont, 40-41

E

Eastman Kodak Company, 43

Elliot, T. S, 4

Ellipsoids, 5

Elmer, CharlesW., 5

Ernst Leitz, 5

Exxon-Mobile Corporation, 6
Esso Research, 6

F
F&M Scientific Corporation, 41
F7U [carrier-based jet], 4-5
arresting hook, 4
Fellgett, Peter B., 5, 26
Fenn, John B., 19
Field Emission Scanning Electron Microscope [FESEM], 3, 5, 21-22, 27, 34
Hat panel displays, 23, 32
Fluorescence, 11, 24, 30, 32
Flynn, Tom, 12
Ford Motor Company, 43
Fourier Transform-IR [FT-IR], 5, 23, 26, 36

G
Gas Chromatograph/Mass Spectrometer [GC/MS], 19
Gas chromatography, 12, 24, 26, 36, 39, 40, 41
Gas chromatograph, 6, 18-19, 40-41, 43
temperature-programmed, 41
triple-stage, 41
General Chemical Company, 23
General Motors[GM], 5-, 43
Research Laboratory, 5
Glenbrook, Connecticut, 4-5
Golay, Marcel J. E., 6, 40, 45

121



"Theory and Practice of Gas-Liquid Partition Chromatography with Coated Capillaries’, 40

H
Halford, Ralph S, 12
Halford-Savitzky Spectrophotometer, 13
Harvard University, 37
Hausdorff, Harry, 5, 7, 23-24, 27, 39, 46
HIPE, 21-22
Hitachi, 3, 5-6, 17-22, 26, 27, 34, 46
electron microscope, 18, 20-21
mass spectrometer, 18-21
Hitachi Naka Works, 17
Hitachi/Perkin-Elmer, Ltd., [HIPE], 17
Model 139, 17
Honeywell, 18
fast-chart recorder, 18
Hydraulic-valve fuse, 4

I
IBM [International Business Machines], 29, 34
Instrument Society of America[ISA], 40
gas-chromatography symposium, 40
Scientific Program, 40
Integrated circuit, 3, 6, 14, 22-23, 31-32, 34
lithography, 14
Intel Corporation, 29, 32-34
8080 Microchip, 31
IR spectrometer market, 10
IR spectrophotometry, 6, 12
IR spectroscopy, 5-7, 15, 24, 36
Irvine, University of Californiaat, 31
Isomers, 44
cis, 44
trans, 44

J

Jacquinot, Pierre, 26

Japan Electron Optics Laboratory [JEOL], 21
"Japanese junk”, 19

Jobin Yvon, 26

Johns Hopkins University, 15

Johnson, Lyndon, 4

Journal of the Optical Society of America, 6-7, 46

122



K
Kahn, Herbert [Herb], 25
KBr prism, 13
Kinnaird, Richard F., 5, 13
Lasers, 29-30
helium-neon, 30
Lead sulfide cell, 14
LeCompte, M., 26
Lewis, Robert [Bob] E., 20, 38
Ligquid chromatography, 19, 36
Liston, Max D., 5-7, 10, 13, 43, 45
Los Angeles, University of Cadiforniaat [UCLA], 37

M
Mad Cow disease, 39
Makino, Isao, 20
Manhattan Project, 18, 20
Marshall, Hamilton, 38
Martin, Archer John Porter, 40, 45
Mass spectrometry, 6-20, 36, 38
Massachusetts Institute of Technology [MIT], 18-19
Material Analysis Corporation [MAC], 28
McDonell, Horace G., 22, 27, 38
Mechanical engineering, 2, 4
internal combustion engines, 4
thermodynamics, 4
Michigan State University, 40
Mine Safety Appliances, 43
Minnesota, University of, 20
Mogey & Sons, 5
Mogey, Hally, 5
Moore Specia Tool Company, 1

N
Nakamura, Koroku, "Roku-San", 17
Nanometrics, Inc., 2-4, 6-7, 9, 14-15, 22-23, 29-37, 42, 46
Critical Dimension Scanning Electron Microscope [CD-SEM], 34
European sales office, 24
NanoSpec, 10, 23, 30-31
NanoSpec 20-1R, 5, 15, 23
15X-objective lens, 16
mercury-cadmium-telluride detector, 16
Nernst glower, 16
NanoSpec Microspot Film-Thickness Measurement Systems, 32-33
National Semiconductor, 29, 32

123



Navy Reserve, United States, 2
Navy, United States, 1-5
Officer Candidate School [OCS], 1
V-12 Program, 1-2, 4
Newport, Rhode Island, 2
Nier, Alfred O. C., 20
Nimitz, Jr., Chester, 6, 21-22, 27, 38
Nobel Prize, 19
Noda, Tomatsu, 18-19
North American Treaty Organization [NATO], 23
Nuclear Magnetic Resonance [NMR], 17

O
Offner, Abraham (Abe), 5-6, 14-15, 46
Oil industry, 6

P
Pacific Ocean, 2
Paris, France, 26
Parkinson’s disease, 2-3, 36
Pasadena, California, 18
Paul, Dennis, 33
Percent-transmission spectra, 12
Perkin Elmer, Ltd., 27
Perkin, Richard [Dick], 5, 6, 7, 9, 10, 16, 20, 23, 24, 26, 38
amateur astronomy society, 5
Perkin-Elmer Corporation, 2-8, 10-12, 14-15, 17, 18, 19, 20-30, 34-36, 38-46
analytical-instrument division, 27
applications-engineering department, 11, 23, 25-26, 39, 43
astronomy and optics division, 17
Bi-Chromatic Anayzer, 42-43
engineering department, 6-7, 11, 13, 25
library, 7
M13U Universal Spectrophotometer, 14
M52 flame photometer, 17
manufacturing department, 10
mass spectrometer, 17
Micralign system, 14
Model 12, 5-6, 15, 38
beam chopper, 6
heater, 10
Model 85 IR microscope attachment, 14-15, 23, 30
monochromator, 10
Model 12B, 6
Model 12C, 5-7,11-17, 29, 41

124



sample cdlls, 13
IR microscope, 14
Littrow mirror, 13
mi croscope attachment, 15
mi croscope-condenser lens, 14
monochromator, 13, 14
paper-chart recorder, 6, 13
Model 13, 5, 13-14, 24-25
front-end chopper, 13
non-linear chart, 13
quartz prism, 13
tungsten lamp visible range source, 14
UV source, 14
Model 137 Infracord, 24-26, 38
diffraction-grating version, 25
Model 13U, 14, 24
Model 21, 3, 5-16, 20, 23-24, 26, 38, 42, 45-46
demonstration lab, 23
electronics modules, 7
micro-sampling attachment, 15
mi croscope attachment, 15
ellipsoidal mirrors, 15
monochromator-prism exchange, 10
NaCl prism, 10-11, 13
Nernst glower, 7, 16
optical wedge, 8
percent-transmittance scale, 8
Prism Interchange Unit, 11
Prism-Grating Interchange Unit, 12, 16
recording system, 7
scale-expansion system, 8
servomotor system, 8
specul ar-reflectance attachment, 9, 11
variable gearbox, 8
variable potentiometer, 8
Variable Thickness Liquid Absorption Cell, 9
Model 221, 12
optical-filter system, 12
Model 270, 20
vacuum-pump oil, 20
optical department, 5
optica -manufacturing room, 7
purchasing department, 10
Raman spectrometer, 29-30
roof-prisms, 5

125



Tiselius Electrophoresis System, 17
Trinon Analyzer, 6, 42-44
Ultracord, 42
Perkin-Elmer, Ltd, 24-26
Perkin-Elmer-Ultek, 21-22
Persona computer [PC], 31, 33
Petroleum industry, 17
Pharmaceutical industry, 6
Photomultiplier, 14, 29-30, 41
red-sensitive, 30
Photosensitive-air pollutants, 8
Pittsburgh Conference, 8, 12, 24, 28
Pneumatic springs, 43
Polystyrene film, 8
Position mode tracking [PMT], 30
Prion, 39
Proteomics, 39
Pure spectra, 9
standard charts, 9

R

Radio Corporation of America[RCA], 19
Review Of Scientific Instruments, 7, 9
Royal Phillips Electronics, 19, 35

S

Sadtler Research Labs, Inc., 5, 16, 45

Salk Ingtitute, 37

San Francisco, University of Californiaat, 32, 37, 39
Santa Cruz, University of Californiaat, 3

Savitsky, Abe, 5, 12-13, 42

Scanning Electron Microscope [SEM], 21-22, 28, 33, 34
Seigler, Horace, 15

Selkoe, Dennis, 37

Semiconductor industry, 22, 32-33, 36

Semiconductor Manufacturing Association, 22

Severe Acute Respiratory Syndrome [SARS], 6, 29, 32
Shimadzu Corporation, 21

Siemens[AG], 19, 35

Silicon Valley, 28, 32, 34-35

Silicon wafers, 33-34

Slavin, Walter, 12, 25

Sloan Kettering Institute, 9

126



Spectral catalogs, 16

St Lawrence River, 2

Stamford, Connecticut, 5

Stanford University, 29-30, 36-37, 39
Steroids, 9

Stratford, Connecticut, 2-4
Strittmatter, Steve, 37

Struck, Al, 18-19

T
Teflon, 9
Telescoping optics, 5
Theodolites, 23
Thompson, Tommy, 39
Tin-can industry, 9
polymer coating, 9
U.S. Defense Department, 34
U.SS Cleveland, 2
Ultek Company, 21, 27
ion pumps, 27
UV spectrophotometry, 14, 41
UV spectroscopy, 24, 36, 42
Variable-temperature-kinetic studies, 24
Vincent J. Coates Foundation, 2-3, 36

W

Wall Street, 5

Walsh, Alan, 5, 24-25

Warren Harding High School, 3

Warren, Chuck, 3, 42

Watson, Emmett, 39

Welter, Len, 3, 5, 21-22, 28, 33-34

Western Massachusetts College, 3

White, John U., 3, 5-7, 10, 13, 17, 45

Wilks, Paul A., 5-7, 9, 12, 16-17, 36, 38

William Penn Hotel, 8

Williams, Van Zandt, 5-10, 12-14, 16-17, 20, 24-25, 38-39, 42-43, 45
"Synthetic Rubber: A Spectroscopic Method for Analysis and Control™, 5

Woodall, Elliot, 42

World War 11, 1-3, 5-6, 19-20

Y
Yale University, 2-5, 19, 37

127



Z
Zurich, Switzerland, 24

128



