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1. This will be a somewhat unusual talk. I was asked to go quickly through what little we contributed to the field of ion-molecule studies. So I will try to do this and then add a few personal reminiscences of the people that I met along the way. To start at the beginning, we will have to go to the early days of ion-molecule studies in the second half of the fifties – the time when I entered the field. It was something like the Stone Age of investigations of ion-molecule reactions when even the famous American mass spectrometry conference used to meet under the title Committee E-14 of the ASTM - American Society for Testing Materials. 
Some of the issues, and methods used to resolve them may seem almost childishly simple to you, especially in view of what we heard during this Conference. However, you should have in mind that those were the days when the first narrow paths were being cut through the forest that nowadays is a rather cultivated landscape, while new paths are being cut in different parts of the forest. Also, you will hear a personal account of a guy who spent most of his time in Prague, a rather isolated place for many years, while the center of activity was here in the U.S. and in Western Europe.
The title of my talk is “FIFTY YEARS IN ION CHEMISTRY WITH COLLEAGUES AND FRIENDS” and as the picture tells you sometimes we were really in it up to our necks if not deeper. I should add that over the years we did some work on most systems that are shown here as the ion-molecule sea.  
2. Allow me to start with a personal reminiscence. On July 30, 1958, everybody was on summer holidays and I was alone in the lab with our home-built Nier-type mass spectrometer, at that time the only machine in the country. I did something that was strictly forbidden, because the filament would burn down: I raised the water pressure in the ion source by several orders of magnitude and I could observe the formation of H3O+, the first ion-molecule reaction in my life, as you see from the record in my lab-book of that day and the square pressure dependence of m/z 19. Of course, this was nothing exceptional, I did not do anything more than Mann and coworkers did eighteen years earlier when they observed the formation of H3O+ for the first time ever. Not much was known about reactions of ions about 1958: a handful of reactions (H3+, HeH+ etc.) observed in the twenties and thirties was regarded rather as a bother than a subject worth studying. Even the pioneering work of Viktor Talroze, the observation of CH5+ formation in 1952, was a rather isolated affair. However, in 1955-56 several papers by Stevenson and Schissler on reaction kinetics of IM reactions appeared and –most importantly – the first papers of Field, Franklin, and Lampe on IM reactions in methane and acetylene were only a few months old, and their book (Electronic Impact Phenomena and Properties of Gaseous Ions) was just published. 
3. My senior colleague Vladimir Čermák was rather reluctant at first, but after some time we decided to devote part of our work (besides “normal” MS analysis) to collision processes in the ion source. We started with simple systems like N2 or O2 and right away we very rather lucky. The way to study IM reactions in those days, when the reaction zone was the ionization chamber of the electron-impact ion source, was to measure the pressure dependence of the product ion, to determine its appearance energy to identify the reactant ion, and possibly to estimate the cross section or the rate constant of the process. 
The very first reaction we looked at, the formation of N3+ in nitrogen, was peculiar: first, the AE of N3+ was much higher than IE of N2+ and the EI efficiency curve was different from that of N2+, and, second, on the basis of available thermochemical data, the reaction was endothermic with ground-state reactants. And thus we (correctly) described it as a reaction with an electronically excited state of N2+ (theoretically predicted, but not yet observed quartet state). In the language of those years, it was regarded as a proof that electronic excitation energy was effective in overcoming the endothermicity of an IM reaction. We found analogous processes in O2¸ CO and other simple gases (formation of O3+, C2O+ etc.), too.
4. My Thesis in the early sixties was on IM reactions in mixtures with metal vapors. I identified about 40 IM reactions with Hg and some more with K and Na. However, even more interesting were processes, where the reactants stuck together and the AP of the product ion corresponded to the excitation energy of metastable states of the neutral rare gas atom. These processes could be classified as associative ionization, in some cases chemiionization. The problem was that we could measure only ions with m/z higher than the masses of the reactants. Therefore, we constructed a special electron source with quasi-molecular beams which made it possible to remove ions and send only excited neutrals into the reaction zone.  We could then study Penning ionization processes, also of polyatomic molecules and to determine from the mass spectra (using the break-down patterns) the distribution of energy absorbed by the molecule – the rest being taken away by the released electron as you see here for the Penning ionization of propane. It was clear right away that by measuring the energy of the released electron we could get more detailed information. We started in this direction and Čermák later developed it into Penning ionization electron spectroscopy (PIES). By that time, however, I was invited by Richard Wolfgang to Post-Doc with him at Yale. 
5. In the spring of 1964 I finally arrived to New Haven. Richard’s group was mainly involved in studies of hot atom chemistry, but we soon agreed that it would be interesting to try to look at the dynamics of ion molecule reactions in crossed beams. The atmosphere of the early sixties was marked by an outburst of studies of chemical reactions in beams under single collision conditions. The pioneering paper of Sheldon Datz and Taylor was by then more than six years old, but the exciting studies from the groups of Dudley Herschbach, Ned Green and John Ross, or Dick Bernsteinwere just coming out. So I built the little crossed beam machine that Dick Wolfgang called Eva (Electron Volt Apparatus). The idea was simple as you see on the picture: electron impact ionization to produce as many reactant ions as possible, mass selection, deceleration of the primary beam, crossing with a chopped beam of neutral target gas from a multichannel jet, stopping potential energy analysis, and detection by a small magnetic mass spectrometer. The machine combined angular and translational energy analysis of product ions. 
6. Here are some examples of our early work. We showed, for instance, that the direct, stripping mechanism occurred even at quasi-thermal energies, as shown here by forward scattering of ArD+ in one of our first scattering diagrams (below it is a little better later result) even at the collision energy of 81 meV. Also, we could describe scattering features of a complex formation (forward-backward symmetry of scattering in C2H4+ + C2H4) and show a clear distinction between direct and complex processes in scattering and energy partitioning. Of course, we were not alone in these efforts: Arnim Henglein in Berlin started with measuring kinetic energy of products along the reactant ion direction and soon built a beam machine too, Bruce Mahan at Berkeley did beautiful single beam scattering experiments, Champion and Doverspike at Gainesville were doing this type of experiments, too, to name at least the main centers. 
7. Students and even some colleagues were at the beginning somewhat reluctant to listen to intricate explanations of scattering diagrams, but they were willing to accept these cartoons that we used to illustrate the features of the basic mechanisms. The spectator stripping as an uncompromising approach of the projectile ion, with the old guy definitely confined to the role of a mere spectator. The complex formation as a complex minuet, where the partners mutually share the pleasure of staying together and then separate into random directions. Dudley Herschbach wrote the tune for this dance in his classical treatment of complex formation and decomposition (and the role of angular momentum) in neutral systems. 
8. In the summer of 1969 I returned to Prague and with my younger colleague Vojtěch Pacák we constructed an improved version of EVA. The basic idea of the experiment was the same (rotatable beam sources crossing at right angles, energy analyzer, mass spectrometric detector), but the pumping was better and mechanical and electronic parts were improved. However, the early seventies were not exactly the best time in Prague: the regime tightened its grip and I was not allowed to go abroad practically anywhere, Dick Wolfgang died tragically, and in a short time I lost my precious direct contacts to the US. 
9. Just about the only place I was allowed to go to was East Germany and I was very fortunate to find there a congenial quantum chemistry group of Lutz Zülicke in East Berlin, where they could do trajectory calculations. We agreed to perform a joint experimental and theoretical study of a simple ion molecule reaction, H2+ + He, one of the few for which a potential energy surface was available at that time. Keith Birkinshaw from Britain, a former Mike Henchman student, joined us in Prague on a Royal Society stipend and so we did the experiments, while Lutz and his colleagues did the quasi-classical trajectory calculations. We could then compare experiment (line) and theory (histogram) on the dynamical quantities, where one could do it (angular and translational energy distribution) and –as the agreement was good – predict what we could not determine experimentally (vibrational, rotational distribution of HeH+ and the overall energy partitioning). The collaboration with Lutz Zülicke lasted for several years, we published together a series of papers and prepared a film on the subject. Lutz’s group was quite remarkable: Utz Havemann, son of Professor Robert Havemann (a dissident and the “arch-enemy” of the East German state) was there and in the mid seventies a young girl joined the group to study her PhD in quantum chemistry. Her name was Angela Merkl and we know her nowadays as the German Bundeskanzlerin.
10. Foreign travel was very limited for us, but we were lucky that our colleagues from the U.S. and the West came to Prague for a month or several months to do experiments with us. I mentioned Keith Birkinshaw and after him came Jean Futrell, Andy Yencha, Peter Hierl, or Mike Henchman, and we could always do or start a joint paper during their stay. As an example, here is one of the first examples of the dynamics of charge transfer in Ar+ + H2 with Peter Hierl, where we could show that the scattering without momentum transfer led to the “closest to resonance” product H2+(v=1) with little or no change of the rotational energy. In a different study (CH4+ + CH4) with Mike Henchman and a new graduate student, Břetislav Friedrich, we showed that the formation of CH5+ occurred by three different mechanisms at the same time (proton transfer, H-atom transfer, and decomposition of an intermediate complex C2H8+). Later on with Jan Vančura we showed this also for H3O+ in H2O+ + H2O and some other systems.
11. In the early eighties, we got interested with Břetislav Friedrich in scattering studies of collisions of doubly-charged ion (dications). First, in charge transfer in atomic systems that led to two single-charged cations Coulomb-repulsing each other (see Ar2+ + He). From the scattering we got in an easy way to study state-to-state processes and we could show experimentally and justify in a quasi-classical model (developed together with Evgenii Nikitin and his people) the prevailing forward scattering of the product Ar+. In atomic dication-molecule charge transfer (He2+ + NO) we observed vertical, Franck-Condon transitions to form vibrational states of NO+ in translational energy distribution of He+. This work was carried out in collaboration with Peter Toennies in the Max-Planck Institute for Fluid Dynamics in Göttingen. My old friend there, Christoph Ottinger, had a beautiful ion-beam – product luminescence machine and I took over to him the problem of population of internal states in molecular dication-molecule charge transfer. We knew from the translational energy distribution from Ar2+ + CO (a result from my short stay with John Beynon at Swansea) that the CO+(B) state, a good emitter, was formed; then for CO2+ + CO we could show that the population of CO+(B) vibrational states formed from CO2+ was consistent with vertical transition between the dication and the cation. Moreover, CO+(B) formed from the neutral CO had a vibrational population consistent with vertical transition from the neutral. Equally important, it turned out that the charge transfer was “rotationally cold”, in that the population of rotational states of the product CO+ corresponded practically to the temperature of the ion source. Later on we did some work on chemical reactions of dications and formulated a simple potential energy model that showed mutual competition of charge transfer, chemical reaction to two cations, and chemical reactions leading to dication-neutral products in mutual competition and suggested when one of these processes would prevail. My coworkers in this research were my graduate students or colleagues Břetislav Friedrich, Jan Vančura, Martin Sadílek, Zdeněk Dolejšek, Michal Fárník, Libor Mrázek, and Jan Žabka. My last graduate student, Jana Roithová (here in the audience), now continues in the direction of reactivity of larger organic dication reactions.
12. In the second half of 1990, we did some work on scattering in ion-surface collisions, namely of polyatomic ions. With a modification of our EVA apparatus we could measure mass spectra, translational energy and angular distributions of product ions. Of several aspects of these studies, let me at least mention partitioning of energy in surface collisions of a polyatomic projectile into projectile internal excitation (from the extent of fragmentation), product translation (directly measured), and absorbed by the surface (from the difference) as a function of incident angle, projectile energy, and type of the surface. With Tilmann Märk’s group in Innsbruck we published a series of papers on surface-induced dissociation of cluster ions. Our latest subject is survival probability of ions on different surfaces and a simple relation between it and the IE of the projectile. Our finances come now mostly from the fusion people and they are primarily interested in collisions of small hydrocarbon ions with fusion-related surfaces like carbon, tungsten or beryllium. The work on survival probability has not been fully published yet and so there is still some work to do.
13. Colleagues and Friends. In the remaining time, allow me a few reminiscences on some people I met over the years. Not in photographs as before, but as I saw then through my eyes (more of this on my personal page at www.jh-inst.cas.cz).
14. From the time of Richard Wolfgang’s group, I have this 1969 picture of a “Farewell to Mike Menzinger”, who finished his PhD and was leaving for Toronto (where he stayed, I believe, for the rest of his career). It shows the entire group and the machines with Dick Wolfgang in the middle, smoking one of his thin, brown, Dutch cigars that smelled so terribly. In fact, the picture originated in Boulder, where Dick’s group was active in 1967-69, before returning back to Yale.
15. I returned to Boulder about a decade later as a JILA Fellow (1980). When leaving after nine months, I left behind this picture which records all the major events that took place while I was there. Unfortunately, we do not have time to go through the details – they are one too many and those who were there would remember. 
16. While at JILA in 1980, I collaborated in JILA with Carl Lineberger’s group. Carl always claimed that he could tame his machine better than anybody else, and because he also liked cowboy shirts and vests, I put him into the saddle of his stainless-steel horse, holding its reins. Besides that I was close to Steve Leone’s group. During their seminars I was amazed by the variety of hairs, moustaches and beards that characterized the members better than their faces. This is, of course, the most non-permanent signature of people, but perhaps you will recognize Steve himself (he did not change so much), Tim Zwier, Jim Weishaar, David Nesbit. I did not dare to draw a lady, so I turned Veronica Bierbaum around. 
17. I collaborated closely with Steve Leones’s JILA-University group involved in measuring infra-red emission of products of ion-molecule reactions, the Flowing-Afterglow-Infra-Red or FAIR people as you see them here: Barney Ellison, Mark Smith, Tim Zwier, Jim Weisshaar, and Veronica Bierbaum (again, turned around). 

18. Of course, Boulder was not only JILA. There was chemistry at the university and NBS and Eldon Ferguson, one of my oldest friends, in both of them. This is a picture to celebrate his birthday, where he inspects the fleet of his flow tubes operating in the world at that time (one chimney for one machine). A member of the chemistry department in 1980 was Will Castleman with his ingenious cluster research. In fact, he co-authored this picture and added in his own hand the equations that were then very much on his mind. 

19. In Chemistry at the university was the super-kind and super-tall Chuck DePuy, who always seemed to know more about ion chemistry than me. I remember a conference in France, where he commented in his usual mild manner to something in John Brauman’s talk and John started to laugh: ”Chuck, you are so smart that it almost hurts!”. In Chemistry was also Barney Ellison, always full of new ideas. His inevitable bow ties resembled tropical colorful butterflies (and they do up to now).
20. Reactive scattering of neutrals was dominated by Dudley Herschbach. I have known him since the mid sixties when he came from Harvard to Yale to give us a series of lectures on scattering. The picture shows this highly respected colleague and friend rotating in the center-of-mass of a Newton diagram, with Newton’s consent. I hold Yuan Lee (shown here in his later busy years on Taiwan), in high esteem for his experimental wizardry of building machines and using them perfectly to solve a problem.  
21. When I went to Chicago, my closest colleague there was Steve Berry, a friend since 1964 when he was still at Yale; we did many things together over the years, not only chemistry. A towering personality in atomic physics at Chicago was Ugo Fano, in the ‘90s, I believe, the last surviving student of Enrico Fermi from the pre-war Italian years. One had to be very sharp when discussing with him even when he was in his late eighties.
22. Graham Cooks was very kind to invite me several times to Purdue. Unfortunately, I could not spend a longer time there, but I was there long enough to admire the way he managed his huge Aston Laboratory of about 40 people, involved in excellent research in so many directions. My respect for his personality and work is reflected in this picture (and it hopefully reflects our joint affection for Remington’s pen drawings).
23. My two oldest and closest friends of my generation have been Mike Henchman and Jean Futrell. I have known them for more than 45 years and kept meeting them in this country, in Prague, and elsewhere. They were a great support when things were not easy in Prague decades ago.

24. The Max-Planck Institute in Göttingen was a place in Europe to which I felt attached practically since it started in the late sixties. Peter Toennies was the Director there, the work of his department was close to our efforts, and I also spend my Humboldt Prize there. This picture shows him and his theoretical friend Giorgio Benedek in the time of their cooperation on surface scattering. 
25. One of my closest friends in Göttingen and in life was Christoph Ottinger, who – unfortunately - left us a year ago. I knew him through his work on CT even before I met him first in Boulder in 1968 and we did a lot of things together. It is less known that besides his excellent science, Christoph published his fine English translation of verses of his favorite poet Eugen Roth. Sometimes, we would team together and I would make a picture to his witty verses; so enjoy here his plays of words with “scan-matter - man–scatter”. 
26. Göttingen was not only the Max-Planck Institute, but also physical chemistry at the University with Jürgen Troe. Jürgen remained faithful to Göttingen for all his carrier and has carried the banner of the famous Göttingen physical chemistry for several decades. The trade mark of the town, the Johanis Kirche, is rightly in the background of his picture.  I put Evgenii Nikitin on the same page, because the two did so much fine theoretical work together. 
27. For decades by now I have collaborated with the University in Innsbruck, namely with Tilmann Märk and Werner Lindinger there. The two of them put Innsbruck on the world map of ion physics. Werner – my partner in gaseous IM reactions - tragically passed away 8 years ago, Tilmann – my partner in cluster and surface studies – is now Vice-Rector of Lepold-Franzens University. It has been a pleasure to visit there since 1989 at least once a year and to publish many papers together.

28. I was lucky to be invited to the Institute of Molecular Science in Okazaki and I spent there three exciting months in 1984. Professor Nagakura (Nagakura-Sensei) was the Director then, now it is Hiroki Nakamura (shown here as a young man in 1984). My closest friends in Japan have been Inosuke Koyano (Okazaki and Himeji) and still active Tamotsu Kondow in Tokyo.

29. We have been very fortunate to be a member of various European research networks even before the Czech Republic joined the European Union. This was due largely to the kindness of our friends. In mid nineties Paul-Marie Guyon was in charge of the SRMIon (Structure and Reactivity) that brought about 26 experimental and theoretical laboratories together in cooperations that continue in many cases even today. Davide Bassi (now Rector in Trento) was a partner, too, and later on he was in charge of the MCI (Multiply-Charged Ions) network. Here he is shown with his younger colleague Paolo Tosi (his hair and moustache style of mid ‘90s).
30. Among the respected colleagues in the networks were Dieter Gerlich and Odile Dutuit. Dieter helped us very much to be a part of the SRMIon. As you look at the picture and in the audience, his hair might have changed its color, but not its length. Here he is shown with his master instrument – one of his RF traps. Odile Dutuit has been a continuation of our long collaboration with Orsay that existed since the sixties thanks to Professor Magat, Jean and Marie Durup, Rose Marx, Odile, and now to Christian Alcaraz. 
31. Let me mention several other highly respected colleagues. Helmut Schwarz in Berlin has been one of them. In this picture he is with Diethard Bohme – the two of them made such a beautiful work together, among others on helium in fullerenes. Besides that, Diethard always knows much more about ice hockey matches between Canadians and Czechs; this is why there is a proud maple leaf on his shirt.
32. One of the conferences that had always been close to the direction of our research was MOLEC (Meeting on Low Energy Collisions) that many of you know, too. Here are some of the people that have been directly connected with it. One of them is Enzo Aquilanti, an old time colleague and friend in Perugia, “Toto” Sidis at Orsay (I felt that his Rodin-like beard must plug directly into his computer), and the two Spanish grands from Madrid, Gerardo and Pablo. Finally, here is a colleague and friend of many years, Franco Gianturco. I made a picture of him in the Turkish fez, not only because his name in Italian means “a young Turk”. Once in Istanbul we were buying two fezzes for our Turkish colleagues and the way Franco could argue the price was simply unforgettable: he got the two items for the price of one – something I would have never achieved.

33. Because we are at this Gordon Conference, allow me to end with a photo of the participants of a Gordon Conference in 1964, 45 years ago. This was my first Gordon conference and a meeting, where I was invited to give a talk. The conference was on radiation chemistry, where part of the ion-molecule community used to meet under “Elementary processes in radiation chemistry”. You see here next to me “my Chairman”, Jean Futrell, next to him the “spiritus agens” of the field, Bob Platzman, you may recognize Aron Kuppermann, Eph Klots, Fred Lampe in their younger years, and on the other side Gerry Meissels, Ed Schlag, and Amos Newton. Thus the Gordon conferences seem to bridge in a way my young years in ion-molecule studies with my late and very late years in this field. 
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