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I am not going to talk about contemporary advances in reactions of free negative ions with light and other particles.  Instead, I am going to tell you a story of love, string and sealing wax – the way physics had to be done 57 years ago.  It may be useful for some of the younger people here to appreciate how primitive the tools of physics and chemistry were over half a century ago, if, for no other reason, so you won’t get complacent about how soon your own apparatus will become material for a museum.
In 1939 astrophysicist Rupert Wildt proposed that the negative ion of atomic hydrogen was responsible for the effective radiative temperature of the solar photosphere, and thus of the spectrum of the visible sun. His conclusion relied initially on rather crude Born approximation calculations of the continuous absorption spectrum of H-- .  
The calculations were later refined, especially by Chandrasekhar, and the radiative model of the photosphere, as predicted, was consistent with sunlight as observed. But no experimental measurement of the H-- absorption cross section were made until 16 years after Wildt’s paper. 
Wade Fite was, like myself, a student of Otto Oldenberg at Harvard, who was never reluctant to give a student a hard problem.  Oldenberg challenged Fite to test the Wildt and Chandrasekhar theories by being the first person to measure the photodetachment spectrum of H--. Wade made heroic efforts to get a sufficiently intense light beam by capturing the sun in a 36 inch diameter, chrome plated, parabolic US Navy signaling mirror, steered to the ions by a heliostat made of 2 x 4s.  When Wade was unable to detect the 10--13 amp photodetachment current in the presence of collisionally detached electrons from an insufficiently good vacuum, he wrote his thesis on the ion source he had developed, and went his way. With the customary arrogance of a postdoc,  I took over the project in 1952, and I also failed. When I concluded the experiment was too hard to do with the facilities of Harvard’s Jefferson Laboratory, I accepted Edward Condon’s offer to move my equipment to the National Bureau of Standards.  

After two years of work by myself, I finally got all the parts of my new apparatus to work at once. In 1953 I thought it only fair to invite Wade Fite to come down to Washington and there on a Sunday, while our wives were watching their dinner get cold, we first detected a 10-13 amp photodetachment signal from H--. We reported it in an abstract for the winter 1954 meeting of the American Physical Society.

By 1955 Steven J. Smith had joined me from Ed Purcell’s laboratory and he and I successfully measured the H-- photodetachment cross sections, the spectral distributions, and the threshold, from which we determined the electron affinity of H-- to be 1.45+0.15 eV in a crossed-beam experiment.  Our results confirmed the accuracy of Chandrasekhar’s calculations to a statistical accuracy of 2 % and an estimated reliability against systematic errors of 10%.  We published two papers in the May 15 Physical Review that year, reporting studies of both hydrogen and oxygen atom ion spectra.  Not only was it difficult to detect the detachment signal with a good signal to noise ratio, but we had to make absolute measurements, requiring very tedious absolute measures of the light flux. Having established agreement between our experimental cross section and Chandrasekhar’s calculations others could thereafter use H— as a standard to calibrate their cross section measurements.
As a footnote to this achievement, let me note that I realized years later that if I had only taken the nuclear physics data for the photodissociation of the deuteron by gamma rays, and make the obvious transformations of mass and energy units, I would have had a surprisingly accurate prediction of the H--- photodetachment cross section. 
For 12 years I believe the JILA laboratory was the only place where negative ion photodetachment was studied in crossed light and ion beams in vacuum. The experiments were not easy then. Today, armed with lasers, researchers are publishing papers on photodetachment that attract 35,300 hits on google.
The maximum cross section of H-- for photodetachment is 4 x 10-17 cm2  and the cross section for stripping of the electron in collisions with the background gas is 20 times larger. In a vacuum of 10-6 mm, with ion currents of 10--7 amps, and 20 watts of white radiation in the ion beam, currents of photodetached electrons of the order of 10--12 amps must be detected and distinguished from the 10 times larger flux of collisionally detached electrons. In order to get a measurement good to one percent, the effect of collisional detachment on the signal had to be reduced by a factor 1000.  This was accomplished using the then-recent development by R. H. Dicke’s of a chopped light and phase sensitive detection of the electrons that are photodetached.  To achieve this condition, one required the most intense possible light source and the best vacuum despite the gas streaming from the negative ion source along with the ions.
From 1955 on a series of discoveries were made. We had made beams of Al--,  P--,    B--, Si--  and looked for, but did not find, bound states in negatively charged N, Mg, or Ca. We studied the detachment spectra and measured the electron affinities of atomic H, O, C and S.  Diatomic molecular ions including O2--,  CN--, and OH-- spectra were also studied.  For the hydroxyl radical we were able to show that the potential curves for both the neutral molecule and its negative ion were surprisingly congruent. This allowed us to meaure the OH electron affinity, which later was shown to be quite accurate. 
We looked for possible metastable states in atomic negative ions, and found that C-- had a bound state, the first bound excited state observed in a negative ion. In 1961 Mike Seman and I were able to detect a small absorption at wavelengths longer than the threshold of photodetachment from the 4S ground state of C--  . This we could assigned with confidence to Carbon negative ions in the metastable 2D state. This was the first observation of a bound excited state in an atomic negative ion.

Based on this observation, we predicted that an excited state in Si-- should also exist, but after preliminary success in making the Silicon ions out of a discharge in Silane, a chemist friend warned us that Silane is highly explosive and ignites spontaneously at temperatures too low for comfort. We backed off from using Silane in our hot cathode ion source and never returned to look for the photodetachment spectrum of Silicon and its anticipated bound excited state. That chemist was not Carl Lineberger, who later not only made negative ions of Silicon from Silane but found the predicted excited state.  Now a days, such states are more commonplace, as in the case of the negative ion of Lanthanum
We had abandoned the idea of using the sun as our light source long before, and advanced through a progression of ever higher wattage of incandescent and arc light sources.  The problem was the lack of a monochromatic, tunable source and the necessity of finding filters that could withstand kilowatts of light energy.  Instead we started out with two optical filters: the red and green lenses from highway traffic lights. By 1958 we filtered the light from a carbon arc with a pairs of interference filters, shielded from the overpowering infrared energy of the light source by means of a circulating, cooled water filter in the light beam. 
Stephen Smith, David Burch and I used this arrangement to illuminate 5 x 10--8 amps of O2-- ions with about one watt from each of the paired interference filters and could plot the photodetachment cross section from 4000 Angstroms, where it is about 2.4 x 10-18 cm2  down to 2.5 microns, where the cross section for detachment was only 3.75 x 10-20 cm2.  With this equipment we were able to plot out the cross section for the atomic ion O-- and determine the electron affinity of the atom to be 1.465 + 0.005ev, which to my great relief was later confirmed, when tunable lasers were available. By 1959 Smith and Burch were able to apply this quasi-monochromatic light source to the remeasurement of the H-- photodetachment spectrum and make a detailed comparison with several theoretical computations. 
In 1963 Bruce Steiner, Mike Seman and I made one more improvement in our light source and came closer to a monochromic selection of wavelengths. This was a 2.5 kilowatt high pressure Xenon lamp, filtered by a specially designed high-aperture monochromator.  With this instrument we studied the negative ion of Iodine, measured its photodetachment cross section and determined its electron affinity to be 3.059+ 0.0002 eV, overlapping the shock tube results of Steve Berry and his coauthors.  Now the resolving power in photodetachment studies was good enough to see contributions of the detachment of ground state 1S0 I-- ions to a mix of final 2P 3/2  and 2P1/2 states in the neutral atom. In 1965  Branscomb, Smith and Tisone, were able to see the same phenomenon in transitions from O-- 2P  , to both the O 3P ground state and the final 1D state.  The later is of interest in chemical aeronomy, since the forbidden transition back to the ground state emits, after 110 seconds, the famous red line of the aurora and the airglow of the night sky. 
We considered the our 2.5 kilowatt light source to be something of a triumph, but it was a long way from a much brighter, tunable monochromatic source that would let us see fine structure if there were any.  The revolution that solved this problem and solved the brightness problem was, of course, the invention of tunable lasers. All of our early heroics – from Cassegrain solar collectors to traffic light filters -- were then at an end. More on that in a few minutes. 

By 1960 Wade Fite was at the General Atomic laboratory in La Jolla, where he, Ron Stebbings, and David Hummer (who later came to JILA as an astrophysicist and founder and CEO of Boulder Beer) conducted experiments measuring the cross sections for charge transfer and for stripping of an electron in a collision between a negative ion of hydrogen and a neutral hydrogen atom.  Wade Fite was then able to repay the courtesy I had shown him in sharing the first observation of H-- photodetachment in vacuum back in 1953. He invited me to come out and participate in his project for a summer.  Jumping ahead 6 years, in 1966 Gary Tisone at JILA built an apparatus to measure the detachment of electrons from atomic negative ions by electron impact. Our cross section data confirmed most of the prevailing theoretical work for H-- .  The following year our O—cross section showed significant divergence from the available calculations. 
1962 saw the founding of JILA in Boulder – a highly productive and successful joint venture between CU and NIST, with three Nobel Laureates among its Fellows, all of whom earned their prizes from work done at JILA.  The founding of JILA was the realization of a dream whose origin can be traced back to 1958.
Dick Thomas, a Harvard astronomy PhD at the same time I was in physics there, met at the Astronomical Union General Assembly in Moscow and determined to create an institute that would combine atomic and molecular physics with studies in astrophysics.  
I was fascinated with the role of negative ions in stellar atmospheres, and in that year had published a paper on this topic with Bernard Pagel of the Royal Greenwich Observatory.  Thomas was working on radiative transfer theory applicable to astronomical and other situations where a gas could not be assumed to be in thermal equilibrium. One would require atomic data to describe such a radiating gas properly.  He, and fellow astrophysicist John Jefferies, were already in Boulder at the High Altitude Observatory, and I arranged to bring the full staff of the Atomic Physics section of the National Bureau of Standards to Boulder. In 1962 the NBS atomic physicists and HAO astrophysicists formed the original staff of JILA.

Within 3 years, with Jan Hall in JILA and the ruby laser now on the scene, our light source intensity problem suddenly vanished, and by an enormous factor.  We left the world of a few watts tickling our negative ions, to a new one of 30 megawatts blasting them, in one leap. Not content with illuminating ions one photon at a time, Jan Hall estimated that we would be able to liberate 30 double-photon electrons from a single pulse of the laser on an Iodine negative ion. In a 1965 paper by Hall, Robinson and myself, we reported a transition probability per photon for double-photon detachment of 180 x 10-51 cm4sec at one point in the spectrum: 1.785 eV.  With this laser, by single photon absorption, single pulses would completely strip 100 % of the electrons off an H-- beam.  
With the ruby laser the single photon detachment current had been increased over my 2.5 kw high pressure Xenon lamp by a factor of one trillion!

With the power of the laser in hand, Jan Hall went on to make a number of important discoveries.  It had been known since 1939 that He-- ions could be seen in a mass spectrometer under certain conditions, but He-- has no stable ground state. Brehm, Gusinow and Hall made their He-- by double charge exchange between He+ and Potassium vapor at an energy of 2.5 keV.  In 1967, they made the first direct measurements of the electron affinity of He-- in its unstable ground 3S state. 
At this point I was soon to leave my laboratory and move back to Washington as Director of the NBS, leaving a grand future of science to the JILA team including among others, Jan Hall, Steve Smith, and Carl Lineberger, who arrived in 1968, and assumed the leadership of the negative ion research program, as I was moving back to Washington.  In an extensive review of Binding Energies in Atomic Negative Ions, co-authored with H. Hotop in the mid 1970s,  Carl was nice enough to dedicate this volume to me and generously suggested that had I had access to lasers I might have done much of the more recent, laser-based work more recently.  Perhaps, but chemists have taken the techniques into the world of molecular structure and reactions that did indeed create a field of Ion Chemistry, which would have been beyond me.  Especially studies by John Brauman’s group of the photodetachment spectra and electron affinities of molecules I would not dare to try to pronounce.
But before I end the litany of my own contributions, let me confess that I am not sure that photodetachment, of the kind I did, is ion chemistry, even though chemical journals seemed eager enough to publish our work.  But if it makes the ion chemists here happier, let me tell you at least the title of a paper I co-authored with Bob Lelevier in 1968, just when Carl came to JILA, was entitled “Ion Chemistry Governing Mesospheric Electron Concentrations”.  
Finally let me suggest that the new field of negative ion studies waiting for Carl and his great team of enthusiastic colleagues is in biological negative ion effects. A recent paper suggests that

There's something in the air and while it may not be love, some say it's the next best thing -- negative ions. Negative ions are odorless, tasteless, and invisible molecules that we inhale in abundance in certain environments. Think mountains, waterfalls, and beaches. Once they reach our bloodstream, negative ions are believed to produce biochemical reactions that increase levels of the mood chemical serotonin, helping to alleviate depression, relieve stress, and boost our daytime energy. 
Lest you think I missed that opportunity myself, let me tell you that Earl Beaty and I did the key experiment in JILA in the mid 1960’s. We selected a beam of oxygen negative ions and each took a deep whiff.  Ephoria was not our experience, in was the sulfuric acid in our noses from small amounts of  Ozone.
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