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PREFACE        
The International Academy of Quantum Molecular Sciences (IAQMS) was established in 1967 in Menton (France), “in order to encourage the development of the applications of wave mechanics to the study of molecular phenomena” (See Article 1 of the Statutes).

This was 40 years after Walter Heitler and Fritz London (working with Erwin Schrödinger in Zürich)  had published their article on the H2 molecule (“Wechselwirkung neutraler Atome und Homöopolare Bindung nach der Quantenmechanik, Z. Physik, (1927), 44, 455-472), a work which is  considered by many  as the birth of Quantum Chemistry. 

A survey “40 years IAQMS 1967 – 2007” appeared in spring 2008 which describes the goals of IAQMS and its work during the first 40 years  as well as details of  the  annual meetings, (including election of new members and  winners of the annual Medal) and some  important aspects of the International Congress in Quantum Chemistry (ICQC), organized by the Academy, held every 3 years at different sites throughout the world.

IAQMS has now organized a survey among its members to show the development of quantum molecular science (QMS) throughout the world, including the relationship to other branches of science. In some countries all research groups were addressed to contribute their opinions, in others countries only a few representatives – not always members of the Academy -  summarized their knowledge and experience. 

It is the goal of the present contribution to give an overview of the present status in various countries, the influence of the field on other areas, the most important trends for the future, education and financial aspects of the research as well as  the situation of young researchers on the job market. 

The central goal was not to obtain detailed information from every country, but rather to illustrate definite trends and potential future strengths of the field, and to formulate some recommendations, which may be presented to funding agencies and others interested in the development of the research field and its increasing importance for all of chemistry and related fields.
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2  Summary

2.1   Quantum Molecular Science (QMS) in the present context.

With the inspiration and support of Louis de Broglie, Nobel Laureate in Physics, the scientists Raymond Daudel (France), Per-Olov Löwdin (Sweden), Robert Parr (USA) , John Pople (UK), and B. Pullmann (France) founded in 1967 the IAQMS. Their field and outlook on QMS was primarily the development of theory plus applications (with calculators and computers) to problems of molecules.  

Since these times, the field has broadened enormously, due to advances in theory and to the increase in computational resources. Today many of the computational applications of QMS are used parallel to experimental research. With the interest in larger molecules QMS has spread into many fields like material science, biochemistry, drug design, catalysis and surface science.  As time went on, people trained in QMS also used dynamics, classical mechanics and statistical mechanics. The mixing of quantum mechanics (QM) (original term wave mechanics) with classical (molecular mechanics) methods lead to QM/MM methods, and to  Monte Carlo (MC) and Molecular  Dynamics (MD) simulations. So the original term QMS of the founding fathers has evolved today into the terms “Quantum Chemistry”, “Theoretical Chemistry”,  “Computational Chemistry”.

Reviews on the development of QMS can be found for some countries in the literature:

1. J D Bolcer and R B Hermann, in “Reviews in Computational Chemistry”, K B Lipkowitz and D B Boyd eds, VCH Publishers, New York. USA: Vol.5, (1994), pp.1-63; UK: Vol.10, (1997), pp.271-316; France: Vol.12,(1998), pp.367-380; Canada: Vol.15,(2000), pp. 213-299 and Germany: Vol.18,(2002), pp.257-281.

2. “Inception of Quantum Chemistry at Uppsala”, A Fröman and J Linderberg (2007), Uppsala University Library, Box 510, SE-75120 Uppsala.

3. V. Barone:”Theoretical and computational Chemistry in Italy: an Overview”, Theor. Chem. Acc. (2007)  117, 599-62. 

     2.2   Fields and their strengths in the various regions.

 Research groups in QMS were first established in Europe and the USA in the 1950s and 1960s, with emphasis on electronic structure calculations and development of programs for electronic computers. Some early development also took place in Japan, in particular tables of integrals over atomic basis functions.  Quantum Reaction Dynamics was one of the next steps, with particular activities in Israel, USA, and Germany. The combination of quantum mechanics with statistics in the form of Monte Carlo calculations followed relatively soon in a number of sites.
When user-friendly computer programs became available and could be distributed, Computational Chemistry, i.e. use of computer programs, was applied throughout the world. This includes today QM, QM/MM, MC and MD, and various semi-empirical programs.

The historical trend seems to continue. Theoretical developments and development of computer programs is strongest in the USA and Europe. Among the many available programs are ACES, ADF, AMBER, CHARMM, ChemShell, CPMD, DALTON, DIRAC, GAMESS-UK, GAMESS-US, GAUSSIAN, GROMOS, LAMMPS, MOLCAS, MOLPRO, MOPAC, MRDCI, NAMD, NWChem, ORCA, PSI3, Q-Chem, TURBOMOLE, UTChem, and VASP.

The basic physical laws underlying Electronic Structure calculations can be regarded as well-known. The non-relativistic Hamiltonian or the relativistic Dirac-Coulomb-Breit Hamiltonian grasp most of the necessary physics. The quantum electrodynamic corrections may soon be necessary. Two major bottlenecks are the basis and the electron correlation energy. For the latter, the most comprehensive procedures for small systems (below 20 atoms) seem to be the of coupled cluster treatments, for example, the popular CCSD(T) method. Several linear-scaling procedures and fragmentation methods have been developed in recent years to reduce the computational expenditure substantially. Multi-reference coupled cluster treatments, which would be highly desirable for very accurate reaction surfaces and dissociation energies, are presently very inefficient and may not be available in the near future. The inclusion of electron correlation via perturbation treatments, such as MP2/MBPT2 has been relatively successful (up to several hundred atoms) if the basic electronic structure can be represented by a single reference configuration. Multi-configuration perturbation theory methods, such as CASPT2, MRMP2 and MRDCI, can be used in multiconfigurational situations for ground and excited states for medium sized systems (about 100 atoms).  The revival of the old CEPA method could also be an alternative. 

By far the most commonly used approach is density functional theory, (DFT), which today accounts for the majority of all QM studies of molecular processes for systems with up to about 500 atoms. There have been numerous applications in chemistry, biochemistry, material sciences, physics, engineering and other fields. The accuracy is limited, but it is often good enough to solve the chemical problem at least for the electronic ground state. For more than 1000 atoms semi-empirical (AM1, PM3 etc.) or classical methods (molecular mechanics, MM) are the most viable (although several new ab initio fragmentation schemes are very promising); nevertheless, these can give valuable information about molecular structures.

Calculations of electronically excited states is a more complex problem. Traditionally semi-empirical methods (e.g., the Pariser-Parr-Pople (PPP) method) were used in the 1950ies and 60ies to study excited states of conjugated organic molecules, and ligand field theory was used to study d-d transitions in transition metal complexes but could not be used for more general problems in photophysics and photochemistry. The development of multi-reference CI methods (MRCI) in the 70ies made it possible to perform accurate studies of small molecules. For larger systems (up to about 100 atoms) multiconfigurational second order perturbation theory  (CASPT2, MRMP2) has turned out to be a valuable tool. Smaller molecules can be treated accurately with coupled cluster linear response methods (EOM-CC). Also DFT linear response (TDDFT) theory can be used for some types of systems. IR and Raman spectroscopy can be studied with a variety of the tools applicable for ground electronic states (SCF, DFT, CC, etc) provided that methods for computing energy gradients and Hessians are available.

One important area of application of QC today is the study of large molecular systems, such as biomolecules and metal and metal oxide catalysts. Here, the combination of QC for an active site combined with a molecular mechanics (MM) treatment of the rest of the molecule is commonly used, for example in studies of enzymatic reactions even if some modern results seem to indicate that if the active site is made large enough, the MM step becomes unnecessary. So-called ab initio dynamics (MD), also referred to as  on-the-fly MD, or the empirical Car-Parinello (CP) MD for simulation of classical trajectories running on potential energy surfaces (PES), which have been computed using ab initio QC methods,  are other tools that are used to day to study large clusters and nanomaterials. Transitions between various coupled PES, preferably close to conical intersections,  are often simulated using empirical, so-called surface hopping methods. These ab initio MD or CP methods are advantageous because they scale linearly with the size of the system, but they suffer from the neglect of quantum effects such as zero-point energies and quantized excited energies, interference and coherence or tunnelling. Several extensions have been or are being developed to overcome these shortcomings, including ensembles of classical trajectories with initial Wigner phase space distributions, or propagating branching trajectories on coupled PES by means of force matrices, or semiclassical extensions.

Most of chemistry takes place in solution and it becomes necessary to develop methods to account for environmental effects. The simplest models describe the solvent as a continuous dielectric (the PCM and COSMO models), while others try to combine QC of an active site with MC or MD simulations of the surrounding environment. This is an ongoing research field.

During the last 20 years we have also seen a rapid development of relativistic quantum chemistry all the way from four-component Dirac theory to simpler two component approaches. This has made it possible to study chemical processes involving heavier elements like lanthanides, actinides, and gold at different levels of theory, from DFT to MRCI and multi-reference perturbation theory. 

Quantum Reaction Dynamics is a rapidly developing field. Within the Born-Oppenheimer frame (separation of time-dependent nuclear and time-independent electronic degrees of freedom) nuclear quantum wave packet simulations on several coupled PES (computed by ab initio QC methods) can be simulated in the femtosecond time domain  for bi- and unimolecular reactions with structural rearrangements for small systems (less than 10 atoms). Larger systems call for approximations. The multi-layer MCTDH approach conquers systems with  hundred of  atoms by  exploiting the fact, that generally reactions involve the breaking or making of only a few bonds while most others are “spectators” which can be approximated by  harmonic oscillators. The alternative “spawning” approach generates and propagates Gaussian wavepackets on coupled PES with piecewise, local harmonic approximations allowing applications to complex systems with ca hundred atoms. On a more coarse-grained level, the “spectator” modes can be treated as dissipative environment for the quantum reaction dynamics of the significant open system, calling for time propagation of density matrices.  Simple models of reduced dimensionality treat spectator modes as frozen.  Alternative hybrid approaches for large systems couple quantum reaction dynamics for the small, significant system with classical MD  for the environment, in analogy to the QM/MM electronic structure treatment.
Recent experimental progress from femto- to attosecond chemistry have stimulated new methods to describe explicitly time-dependent electron dynamics. Applications are still restricted to a few-electron systems, typically with frozen nuclei. Extensions have been suggested, but so far accurate simulations of the coupled electron and nuclear dynamics is restricted to two electrons in H2. Work on propagation of coupled nuclear and electronic densities (explicitly time-dependent DFT – different from time-independent TDDFT) is under way; alternatively, so-called second Born-Oppenheimer separation of heavy from light nuclei  allows to simulate rather slow motions of the heavy nuclei on the combined “electronic and hydrogenic” PES during picoseconds. 

As a general trend, applications of quantum reaction dynamics move from a single PES, typically the electronic ground state, to several coupled PES, using ab initio quantum chemical calculations of internal kinetic couplings as well as dipole couplings for laser-driven systems. Clearly the trend goes from smaller to large systems, from gas phase  to condensed media, from the ultrashort time-domains of atto- and femto-second  to processes which take longer, pico- and possibly nanoseconds. They also move into new domains such as laser control of chemical reactions, or quantum computing.
Applications with existing programs are numerous and are undertaken in all of the countries surveyed. Major topics are the study of synthesis and stability of new materials, catalysis, the reaction of enzymes, drug design, energy storage, control of special chemical reactions, atmospheric and environmental chemistry, spectroscopic parameters, and properties of interstellar media. 
   2.3  Financial Support of Research in QMS

The funding of research ranges from “very weak” (Morocco), “weak” (Thailand), “grossly underfinanced” (New Zealand), “poor” (Greece), “notably low” (Italy), “underfinanced” (Sweden), to limited (Czech Republic),  “acceptable” (Hungary, Austria), satisfactory (Poland) all the way to “reasonably good” (Canada and USA) and quite good (Switzerland).  Slovakia seems to spend one of the lowest percentages of the GNP in Europe for research.  In general there is (besides institutional support) one major source in each country, primarily a National Science Foundation (NSF) or Research Council (which administers Government funds for science).  Financial support from Industry or private foundations is very rare.  An exception is observed in the USA, in which funds are awarded from a number of organizations besides the NSF.  In some countries the institutional support seems to decrease from year to year.

Generally, the amount of funding – after peer reviewing- is considered to be competitive with other fields of physical and chemical science. It is however, clear that applied work is definitely favoured over the development of new methods, theoretical approaches or computer codes. There is the danger that “we become a nation of users, not developers” was one typical response.  It is also pointed out that there are other fields, particularly in areas like medicine, biotechnology and environment, which are more visible in the media and are consequently allocated more research funds than the chemical sciences.

There are a number of special funding programs in some of the countries: Germany had over the years several Special Priority Programs in the general field of theoretical chemistry/physics, and the situation is similar in Switzerland. The PR China allocated special funds to Theoretical/Computational chemistry in the period 2002-2006. In Japan the project “Molecular Theory for Real Systems” is running from 2006 – 2009 and about 70 young researchers are supported by this fund.  Israel has bilateral international programs with European countries and the USA. The USA has bilateral programs with many countries in Europe, Asia, Africa, and Oceania. Scandinavia funded the Nordic Excellence Centre in Computational Molecular Science recently, and the European Science Foundation had a special program 1992-1997 to support the Study of Relativistic Effects in Heavy Element Chemistry and Physics. Such programs have proven to be extremely attractive and efficient in supporting certain areas, earmarked by prominent scientists for special consideration in priority lists. Supercomputer Centres, as for example in Korea, Japan, and the USA, which allow a considerable allotment of computer time after evaluation of projects, can also give a boost to certain research topics. The founding of the Centre for Theoretical Chemistry and Physics at the New Zealand Institute of Advanced Studies (Massey University) is an encouraging step showing the support of excellence in this field. 

Various countries (Korea, Thailand, China, Canada, Denmark, Poland, Greece) state that (increased) funding of an international exchange program would be of great advantage, in particular for short-term visits of students, postdoctoral fellows or senior researchers.  Financial support to send senior students to conferences or workshops would be very beneficial for the development of the field. The National Science Foundation of China has recently launched an ambitious international program, either bilateral or multilateral, not only for exchange of scholars but also for funding of research projects. The budget for this international program has been increased by a factor of ten over the past 5 years. Such a program can be considered as good model for efficient institutionalized international cooperation.  

The main criticism is that funding of basic science, which in the long run has tremendous effects on many fields, is generally not realized enough in politics. In most countries science-policy makers decide “from above” the priority fields that will be funded (“top-down” model). The alternative, in which scientists point out new developments with possible impact for the future (“bottom-up” model) should have heavier weight. A new,  theoretically oriented COST-Action in the European Union would be greatly appreciated.  

  2.4  Education in QMS

Theoretical/Computational Chemistry is included in the chemistry curriculum in almost all countries. However, the intensity with which it is taught is very different. There seem to be two major groups.

In the first group the field seems to be losing influence in the curriculum (Australia, Austria, Scandinavia, Czech Republic, Slovakia, France, Spain). Structural chemistry, including low-level quantum chemistry, is generally taught within a course in Physical Chemistry, mostly at the undergraduate level.  Quantum Chemistry courses are offered at the graduate level, but the uniform complaint is that the poor level of mathematics of chemistry students makes this difficult. As a result students have a tendency to avoid this  “difficult” subject.  This situation, together with the few students who choose science and engineering these days in any case, has resulted in a reduction of the number of courses in theory to make the curriculum less demanding for students.  Hence in this group of countries very few chemists learn much about theoretical or computational chemistry. This education is certainly not congruent with the rapidly increasing importance of theoretical methods. Several of these countries compensate for this disadvantage by offering workshops or summer schools for the interested student, or  special courses within networks of  universities (France). 

In contrast in the second group the curriculum contains not only courses in quantum chemistry for all chemistry students, but quite often also one in computational chemistry supported by practical training (PR China, Canada, USA, Poland, Israel). In addition there are special courses in molecular dynamics for senior students at many universities. A typical example is the ETH in Switzerland and a number of universities in Germany.  Some of the European universities have seen the chance to incorporate the field strongly in the newly created Bachelor – Master curriculum.  In the USA some universities have an undergraduate course that is specifically devoted to theoretical/computational chemistry.

Graduate-level curricula in computational biology are becoming increasingly common in the USA and often include strong components in applied mathematics and computational science as well as computational chemistry.  This does not seem to be the case in the rest of the world where quantum chemistry or computational chemistry has not found any place yet in the neighbouring sciences to chemistry.   

With the increasing importance of methods of theoretical and computational chemistry in chemical and biochemical research, in material (nano)science and pharmacy, and to avoid “incompetent number producing”, there is a definite need for a competent education in computational chemistry for all students in all branches of chemistry. For example, the “Chemistry Eurobachelor” should have compulsory (not only optional)  modules which deal with theoretical and computational chemistry.     

       2.5 Status of the Job Market

The situation of the job market for PhD graduates in theoretical/computational chemistry is also worth detailed consideration.

Postdoctoral positions are available in many countries. There seems to be a definite trend in countries like Australia, New Zealand, China, India to go “overseas”, i.e. to North America, and Europe. The UK is preferred in Europe because of its language, but the possibilities in other European countries (Netherlands, Belgium, Germany, Scandinavian countries, Czech Republic) are also very good, so that sometimes a large percentage (up to 50%) of the postdoctoral associates come from foreign countries.  Countries like Poland and Slovakia seem to have a larger export than import of graduates because of their somewhat more restricted financial means.  The relatively large number of open postdoctoral positions available in Europe results not only from the general brain drain to overseas but also from the fact that the number of students in science and engineering in Europe has dropped drastically in recent years. 

The job market in Academia is quite limited in most countries, and competition for a tenured university position is very high.  The situation is more positive in Canada and the USA, since even smaller colleges hire theoretical/computational chemists, and job openings occur in neighbouring areas such as for example engineering or bioscience.  Also in China smaller colleges or even high schools offer job opportunities. In Japan the trend is reversed since many of the smaller universities are not able to maintain research groups or faculty positions due to the decrease in budget over the years.  At European universities the availability of tenured positions depends heavily on the age structure of the scientists in office, since the number of academic positions remains essentially constant. In Norway, for example, many academic positions have been filled recently, so that it will become more difficult for the younger people. In Poland it is difficult to find attractive tenure track positions for talented researchers who want to return to Poland. In France most research positions are permanent, so the age structure is a decisive factor for the availability of positions, even at a lower level than that of professor. The situation seems to be quite difficult in Austria and Israel in which the number of academic positions in theoretical chemistry was reduced. More positive signs come from Germany, in which a number of new positions in the theoretical/computational field have been introduced, either as new salary lines or simply by a transfer from another field of chemistry, quite often as a result of an outside scientific evaluation. Also Switzerland reports comparatively good opportunities for young researchers in the field. In order to overcome the problem that the academic job market is extremely small for a certain period of time (because of the age structure of retiring professors), the German Science Foundation had financed a number of “Heisenberg-Professuren”, i.e. additional professorships, with up to 6 years in a waiting line for an adequate opening.  Australia has a new scheme called “Future Fellowships” which is seen as providing a promising mechanism for graduates to obtain positions in Academia.  More programs along these lines would be welcome.
The job market outside Academia is generally not very large, but is also seen very differently in the various countries. A training in applications, i.e. primarily in computational chemistry rather than (or in addition to) method development, is certainly advantageous. This also helps to explain the trend that more and more students are interested in applications. In many countries the chemical industry seems to be more reluctant than the pharmaceutical industry to hire graduates in QMS.  The report from Thailand has a relatively optimistic view. In Korea and in South Africa National Laboratories and large industrial companies have some groups in computational chemistry, and the situation for such jobs seems also quite satisfactory in some European countries (e.g., the UK).  
The experience over the past decades has shown that even though the number of adequate openings is small, many young theoreticians find positions in which their way of thinking and working, together with their international experience, provides a solid background for a career.  Some have left QMS for a lucrative position in the financial world. One respondent suggests: “it seems that a sound training in QMS provides a springboard into a huge range of employment possibilities.”

    2.6  Research Networks, Professional Associations

Over the years numerous research networks and professional associations evolved in the field within individual countries, spread over larger regions and led to international organizations. 

The International Academy of Quantum Molecular Science (IAQMS, www.iaqms.org) was founded in 1967 with the main goal to provide a forum for international contact and collaboration, and a periodic evaluation of the main developments, advances and promising directions in the broad field of QMS. The Academy has a restricted number of members chosen by international election; presently 23 countries are represented. Since 1967 the Academy awards the Annual Medal to a young eminent scientist below the age of 40 years. International Congresses of Quantum Chemistry are arranged every three years in different parts of the world under the auspices of this Academy; the first such Congress was held in 1973. The latest, 13-ICQC at Helsinki, Finland in June 2009 gathered 671 participants from 54 countries. The next two are scheduled for Boulder (USA) and Beijing.
The largest international association in the field is the World Association of Theoretical and Computational Chemists (WATOC). It holds triennial congresses; the first was held in 1987 in Budapest; the most recent WATOC meeting, held in Sydney in 2008, attracted 830 participants from 46 countries. WATOC annually awards the Schrödinger Medal to an outstanding senior scientist and the Dirac Medal to a younger computational chemist. 

The international society for Theoretical Chemical Physics (ISTCP), founded in 1991, gathers around 200 participants in their triennial meetings on a more restricted area of QMS.  The Asia-Pacific Association of Theoretical and Computational Chemists (APATCC), founded in 2004, has become a very relevant professional society for theoretical and computational chemists in the Asia-Pacific region. The Board includes members from Japan, China, Korea, India, New Zealand, Australia, Thailand and Singapore. APATCC awards annually the Fukui Medal (to an outstanding theoretical/computational chemist in the Asian-Pacific region) and the Pople Medal (to a young scientist below the age of 45 in the Asian-Pacific region).

In Europe summer schools in Theoretical Chemistry have been very popular in the UK, Sweden and Germany, already as early as the 1950s and 1960s. The European Summer School in Quantum Chemistry (ESQC) is arranged every odd year and has since its start in 1989 educated about 1000 students in quantum chemistry. Nowadays there is the annual Central European Symposium on Theoretical Chemistry arranged regularly by the Czech Republic, Slovakia, Hungary, Poland and Austria.  The Symposium of Theoretical Chemistry, organized  by the “Arbeitsgemeinschaft für  Theoretische Chemie” of  Germany every year in sites oscillating between Germany, Switzerland and Austria is becoming increasingly international and offers also a prize to a young theoretician below the age of 40 in memory of G.A. Hellmann, the person who wrote the first textbook in Quantum Chemistry (“Quantenchemie” 1937) and was executed 1939 in the Soviet Union as a victim of Stalin’s Great Purge. 

In almost all countries the national Chemical Society has to date a subsection devoted to Theoretical and/or Computational Chemistry. In general there are annual meetings in conjunction with the “parent” Society. The Chinese subdivision for Theoretical Chemistry organizes every three years the National Conference on Quantum Chemistry (NCQC); the last such conference had about 600 participants and many scientists from abroad. In the USA and in Canada theoretical chemists organize every three years the American Symposium on Theoretical Chemistry and – with a phase-shift of one year -   since 1962 the Canadian Symposium of Theoretical Chemistry; both are international conferences which are arranged in the two years between the large International Congress of Quantum Chemistry (ICQC). Every two years a Conference “Workshop of Computational Chemistry and Molecular Spectrocopy” is held in Chile with researchers from abroad.  

There are a number of meetings or summer and winter schools organized by individuals,   universities or computational centres, which bring scientists together from many countries.   The Sanibel Symposium has the longest tradition, founded by Per-Olov Löwdin and organized in or near Florida since 1961 annually by the Quantum Theory Project at the University of Florida, Gainesville FL, USA.

A definite strength of QMS for the past 50 years are the numerous, very active networks throughout the World which provide an excellent basis for exchange of ideas and international cooperation. 

       2.7   QMS in concert of other fields of Chemistry

In the field of physics the branch of theoretical physics is obviously considered a central part of the field and is appreciated in its own right. Theoretical Chemistry has still not achieved this standard in many countries.  In some regions it is considered to be a small branch of Physical Chemistry (Taiwan) and a tool for supporting other fields. In some countries (Korea, China, Israel, Netherlands, Austria) it is recognized as an independent and indispensable branch of modern chemistry, but it is still judged by the wider community of chemists by its “usefulness” in collaboration with experimentalists. Such collaborations occur frequently, in particular in the area of material chemistry, nanoscience, biophysical chemistry, catalysis, drug design. Some scientists see its role as relatively narrow, to provide a tool to help experimentalists, to guide their thoughts and to decorate publications with calculations. From a financial and management point of view theoretical chemistry is sometimes also supported because it requires fewer financial sources than experimental chemistry. 
Scientists in other areas become excited about computational chemistry (Thailand) and there is also an increasing understanding about the importance of theoretical chemical methods in contemporary chemical research (Poland). In other countries (Canada, USA, Denmark, Netherlands, Germany, Switzerland) theoretical chemistry is fully integrated in the concert of the other branches and recognized as a modern field of chemistry. In Germany, theoretical expertise is presently indispensable for successful cooperative research in chemistry. The report from Switzerland points out that QMS is a true branch of intellectual endeavour rather than a supporting field for experimental research in their country. 

As a final remark one has to realize that the whole field of chemistry suffered in recent years in prestige, partly blamed for pollutants, food additives, crop manipulation and the like. Theoretical chemistry is certainly not responsible for this problem, quite the contrary, since one of its major objectives is to replace environmentally adverse chemical experimentation by computer simulations; large-scale computational screening procedures of possible products is common in the pharmaceutical industry. 

 3.  Details of the Situation in different parts of the world

OCEANIA

Australia

Two universities, the Australian National University and the University of Sydney, have real strengths in Quantum Molecular Science, with several large research groups.  There are several other universities (e.g. Curtin University) with strong clusters of groups and several universities with strong individual groups (e.g. University of Tasmania, University of Queensland, RMIT University). Many universities have groups in which computational chemistry is combined with experimental work. Finally, there are some universities where single QMS researchers work somewhat in isolation.

Students today appear to be arriving at university with a poorer level of mathematics than students in the past. With more courses becoming optional, courses that are perceived as being difficult attract fewer students, and such courses are often discontinued because of overall financial considerations.  In many Australian universities, chemistry students are unable to obtain a good grounding in QMS at the undergraduate level.

Funding relies on the competitiveness of the individual researcher (Australian Research Council, National Computational Infrastructure (NCI) National Facility). The financial support is felt to be weak to moderate, but support of QMS on the whole is felt to be comparable to other physical and chemical sciences.  But clearly applied work is favoured over the development of new methods, theoretical approaches and computer codes, so some feel that they are becoming a nation of users rather than a nation of creative developers/researchers of QMS. 

Students and postdocs coming through the Australian system in QMS are extremely well qualified and have been very successful in obtaining postdoctoral positions or fellowships overseas or in Australia. The academic job market is quite limited and the competition for tenured positions is very high. New schemes such as the “Future Fellowships” scheme are seen as providing a promising mechanism for graduates to obtain positions in academia. There is increasing support becoming available for international collaborations. There is no special association for researchers in QMS. However, the Physical Chemistry Division of the Royal Australian Chemical Institute  (RACI) is strongly supported by researchers in QMS, and the Association of Molecular Modellers  (AMMA) attracts researchers from QMS. 

In summary, Australia considers itself quite strong in QMS, though there is not a large number of researchers in the field. The pressure to become “more relevant” and “applied” is seen to lead to a decline in theory per se and to a greater emphasis on applications in other fields such as bioscience and nanoscience, i.e. sciences that attract much more attention in the media.  There is a need to make additional academic appointments in theoretical and computational chemistry.  

New Zealand  
New Zealand has eight universities and nine Crown Research Institutions, but quantum molecular science research and teaching occurs only at less than half of these establishments. There is probably only one group involved in basic theoretical work and method development; all others are using computational chemistry and in some instances experimentally oriented colleagues employ calculations (mostly DFT type) to supplement their measured results. 

Theoretical and Computational Chemistry are featured in most undergraduate curricula, but at a low level in the context of Physical Chemistry, and the courses are often used as a basic introduction to Quantum Mechanics without going further into theoretical methods themselves. Science students outside of the traditional subject areas of Chemistry and Physics are usually not exposed to any QMS at all. 

In contrast to some other countries, New Zealand does not have a long-standing tradition of supporting fundamental science. This manifests itself in the gross underfunding of the already highly competitive Marsden Fund, currently the only source for funding basic research, with a success rate of 11% in 2008 (and 8% projected for 2009).

There are not many opportunities for science graduates in the country. Most graduates work in the traditional food or agricultural sectors. There is a significant brain drain of talented young scientists from New Zealand to Europe, particularly the United Kingdom, and also to the United States of America. 

The Theoretical Chemistry Community is represented by the New Zealand Institute of Chemistry (NZIC), which is the professional body for chemists in the country. In the past five years the Asia-Pacific Association of Theoretical and Computational Chemists APATCC is gradually taking over as the most relevant professional society for theoretically oriented molecular scientists in New Zealand.

Despite the rather low recognition of theoretical sciences in the country, the  founding of the Centre for Theoretical Chemistry and Physics at the New Zealand Institute for Advanced Study (Massey University) is an encouraging first step and the hope is that other institutions will follow this example. 

ASIA

Israel
Israel has a long-standing tradition in theoretical chemistry. C.L.Pekeris studied already in the 1950ies wave function expansions with many terms to obtain very accurate energies for ground and excited states of the helium atom using first-generation electronic computers.   Israeli scientists have always been strong in developing theory, in particular in chemical reaction dynamics, spectroscopy and photochemistry, electron molecule scattering, electronic structure valence-bond and semi empirical theory, stability and dynamics of clusters. In more recent years the importance of studies in material science and in more applied science has increased. There were always strong ties between Israeli scientists and their colleagues abroad, and many of them were visitors in foreign laboratories. Ruben Pauncz was for 35 times (since 1959) a lecturer in European summer and USA winter schools on theoretical chemistry. One observes a definite genealogy in academic positions in Israel; many of the present professors have been students of the now retired professors R. D. Levine, Y. Jortner and R. Pauncz. Financial support for research can be obtained in competition with other fields from various European and bilateral programs

QMS is taught at all five universities, in advanced graduate/undergraduate courses in chemistry, but not in neighbouring fields. Recruiting of students is sometimes somewhat difficult in competition with offers in experimental  chemistry.  The job situation for young people is considered to be reasonable, although there seems to be a reduction in the number of academic positions. There seems to be the tendency to prefer people doing primarily applications rather than developing theory since such calculations are considered to be more “useful” for other fields of chemistry. Among chemical physicists, theoretical chemistry is highly appreciated as a field in its own right. Among inorganic and organic chemists theory and especially computational chemistry (with black-box program packages) is considered as a tool in helping experiments, in guiding their thoughts and decorating their publications. 

It would be very desirable to strengthen the support for basic science in Israel

Korea

Most researchers in theoretical chemistry work at universities; major universities have one or a few professors in this field. For a long time statistical mechanics has been most popular. Around 1990 electronic structure theory and molecular dynamics simulations have become topics of interest and nowadays there is almost an equal representation of scientists in statistical mechanics, electronic structure theory and molecular dynamics. Very recently theoretical/computational nanochemistry, including functional materials and molecular electronic devices have received considerable attention. Generally, the interest at universities lies in developing new theoretical/computational methods and their applications; however, due to the limited job situation at universities many students are more interested in applications.

Only few theoretical chemists are in national research labs to support experimental chemists. Several are in research centers as well as in large companies such as Samsung and LG.  Young scientists seem to find a job more easily in large industries, but such companies request primarily practical applications that yield immediate products. They have high interest in fuel cells, hydrogen storage materials, electronic nanodevices, CNT-devices,  CNT-displays, LED, FET, magnetic material etc. So far theoretical physicists seem to be better prepared for such industrial jobs and the training of chemistry students in understanding devices will be enforced. Courses in quantum chemistry or statistical mechanics are taught at the graduate level.

Financial support for research is given by various government organizations, in competition with other experimental research fields. Many qualified computational chemists obtain computer time at the National Supercomputer Center KIST after their proposal is positively evaluated.

Theoretical Chemistry is considered to be an independent branch of Chemistry with impact in material chemistry, nanochemistry and biophysical chemistry. It is felt that the instalment of a Research Center in theoretical/computational chemistry would be of great value to the country. Scientists think, the international collaborations should definitely be intensified.  

Thailand 

Quantum molecular Science has been established in Thailand for more than 20 years; at present such research is carried out at 14 universities and at one Government laboratory. Industry shows increased interest, but has so far no research group in this area.  The focus of research is on electronic structure theory  (quantum chemical calculations) and molecular simulations with almost equal weight. The research emphasizes on applications such as material science, energy, biochemistry, solid state, and condensed phase.  No research in the area of chemical dynamics or theoretical foundations is undertaken. Very little program development is performed since there are user friendly black box programs on the market which allow a variety of studies. For researchers in Thailand it would be desirable that more of such programs are available free of charge – and that supplementary smaller codes produced in different parts of the world are based on standard platforms so that smaller groups of the country can make modifications and join the program development. The lack of research in theory and program development is certainly a weak point of QMS research in the country. 

In many universities theoretical chemistry and computational chemistry are taught within the regular curriculum of Chemistry – students in neighbouring fields have no courses in this general field. 

The financial support is steady, the main sources are government grants. The purchase of computer program packages is considered quite costly, however. Similarly, there is not enough financial support to send advanced students to attend international conferences.

In the future one expects an increase in the number of students choosing Theoretical chemistry for their MS or PhD thesis since QMS research is now spread throughout the country. This may lead to a fierce competition between fields. At present, students are employed in academics or government labs after graduation, but the chances for employment of graduates in industry should  improve since industry is becoming interested in using research in QMS.

There is no specific professional organisation for Theoretical-oriented chemists, but there is the association for computational science and engineering (CSEA) with annual symposia. In order to popularize the field – and to improve the student’s background in mathematics and physics - the theoretical chemists organize the “Thailand Summer School in Theoretical and Computational Chemistry” (TS2C2) every year, which was started 5 years ago. This is a very successful project and students from neighbouring countries show also great interest to participate, but see no way of financing their attendance.  There are sporadic workshops organized by various groups (universities, government labs, computer and software dealers). All this has contributed very much to the impact of the field.  Scientists in other areas are becoming excited about QMS research, and there is a good prospect for collaborations. The danger is that expectations might be too high.

Extra funding to interact more closely with theoretical/computational chemists on the international level would be extremely desirable and would raise the standard of the QMS research in Thailand and neighbouring countries.             

PR China  

Theoretical chemistry, or more specifically, quantum chemistry, played an important role in the scientific community of China from 1970ies to mid 1990ies. During that period the leading figure was Professor Au-Chin Tang (1915 – 2008, a member of IAQMS since 1981), who was well known for his success in training groups of quantum chemists in major Chinese universities and institutions. A series of workshops from 1953 until the late 1980’s on “Structure of Matter” have helped to train generations of quantum chemists, including many eminent leading chemists in China. Since the late 1990s the return of many young Chinese scientists from North America, Europe and Japan have given the country a strong driving force for a revival of theoretical chemistry and computational chemistry. Today China witnesses full development of quantum molecular science ranging from methodological developments to applications. The research involves mechanistic studies of chemical reactions, rational design of novel materials, exploration of nanoscience, and bioscience. The most important recognition for young scientists (below the age of 45) in China is the Outstanding Young Scientist Award (with 2 million YUAN funding) issued by the National Science Foundation of China. Of about 250 in chemistry there were 17 awarded in the field of QMS. 

Research in QMS is mainly carried out in the first-tier universities and some institutions of the Chinese Academy of Science, about 30 in total (see Appendix). In Hong Kong, even though the number of QMS groups is small, their levels are very high. No genuine research work has been performed in industry.

The main stream in research is still quantum chemistry, especially computational quantum chemistry and molecular simulations. Several groups are working on chemical dynamics since 2001. As QMS software packages become more accessible and user-friendly, applications for rational design of functional molecules tend to be dominant. Also, more physicists are equipped with the tools of QMS to solve problems in condensed and soft matter. Several groups work on the development of  computer programs (Bejing Density Functional for relativistic quantum chemistry, Xiamen Valence bond, multi-configurational CI procedures, semi-empirical quantum chemistry etc), but by and large, these packages  rely on outputs from other widely used packages and are not very user-friendly. Thus, their application has been very limited. 

Teaching of theoretical chemistry at the undergraduate level still follows the Russian tradition.  Only structural chemistry, either as a separate course or as part of physical chemistry, is in the curriculum of college and university chemistry. Computational chemistry or molecular dynamics simulations are optional for senior students in some universities.  For biology or pharmacy or other related branches, QMS is taught as part of physical chemistry.  At the graduate level, most universities offer quantum chemistry and some top universities also have computational chemistry as a required course.

For recruiting MS and PhD students in theoretical chemistry the problem is not quantity but quality. Meanwhile there are more graduates with background  in physics to choose theoretical chemistry.   

The main market for theoretical/computational chemistry graduates is presently at small colleges and universities  or even high-schools. There is fierce competition for appointments at universities or the  institutes of the Chinese Academy. Because the research and development in Chinese pharmaceutical or other material-related industries is yet to start up, the overall job market for theoretical/computational chemists is not optimistic.  Finding a postdoctoral position in North America, Europe or in Japan is still a good choice for many PhD graduates.   

The funding agencies for basic research are the National Science Foundation of China (NSFC), which is the major support for theoretical chemistry, and the Ministry of Science and Technology (MOST), which supports applied sciences. The latter can fund computational chemistry if the project is closely related to either material science or bioscience. The success rate for theoretical chemistry at NSFC is presently 20 – 30%, i.e. somewhat higher than for the average (20%) proposal. During the period 2002 – 2006 the NSFC has allocated special funds (15 million YUAN = 1.5 million EURO) to strengthen research in Theoretical Chemistry. This special program stopped in 2007.

In the Chinese Chemical Society there is a subdivision for theoretical chemistry and its committee organizes every three years the National Conference on Quantum Chemistry (NCQC). The last NCQC had about 600 participants from all over the country as well as scientists from abroad. Another loosely organized network called Worldwide Chinese Theoretical and Computational Chemists supports the exchange between domestic and overseas Chinese scientists in theoretical chemistry; so far four conferences have been organized with about 150 participants. 

Theoretical Chemistry has been recognized as a very important field of chemistry in the Chinese Community. It has also the advantage that it requires less resources than an experimental field. Many experimentalists have learned that the value of theory is more and more important in understanding their experiments. In the fields of gas phase molecular reaction dynamics, organic solids, nanomaterials, catalysis, asymmetric synthesis, and drug design, for example, collaboration between experimentalists and theoretical/computational chemists was extremely successful.

There is a desire is to strengthen international cooperation, by exchange of students, teachers and by intense attendance at conferences. Several international cooperation projects have been carried out successfully, and a number of them received important government funding from both sides. Examples are the Beijing Normal University and the University of Lund in Sweden, the triangle Peking University with the university in Bochum (Germany) and the Indian Association for Cultivation of Science, the Xiamen University and the Hebrew University in Jerusalem, the Tsinghua University und the Georgia Institute of Technology, and the South China Normal University and the University of Georgia.  

Region Taiwan

Research in QMS occurs mainly at universities and a few government institutions, and most universities now have research groups in the field. Most researchers employ commercial computer packages for a variety of applications. Even researchers trained as theorists switch to application-oriented research due to the lack of support of theoretical work.  Emphasis is on electronic structure studies, on electronic states of molecules and on Monte Carlo calculations. Some treat dynamical theories. The number of researchers has increased in the past 30 years, although the diversity of the field has not been explored, the study of  theory is relatively weak.

Very few courses are offered to graduate students in the field of theoretical/computational chemistry.  Some undergraduate courses in physical chemistry provide an introduction to quantum chemistry.

The prime source for financial support – if not the sole one – is the National Science Council.

There have always been very few students who chose theoretical chemistry for their graduate study and therefore appropriate jobs are always available for those qualified.

Theoretical Chemistry is considered to be a small branch of the shrinking Physical Chemistry discipline.  Compared to other branches of chemistry, theoretical chemistry is only considered as a supporting tool for the other fields. It is urgently necessary that students interested in theoretical chemistry obtain a better background in mathematics and physics.  Since the theoretical community of Taiwan is quite small, it would be good to increase the communication and exchange programs with nearby areas, such as PR China, Japan and Korea.   

 Japan

Research in quantum molecular science (QMS) in Japan started in the 1950’s. Kotani and Fukui, members of the IAQMS, were the pioneers. Nagakura also carried out theoretical and experimental studies of spectroscopy and chemical reactivity. In the middle of the 70’s, the Institute of Molecular Science (IMS) was founded at Okazaki and a large computer system was introduced there for the use of QMS studies, which made a big impact on chemical research in Japan. Up to the early 80’s, electronic structure theories and their applications to molecular structure and chemical reactivity were the major fields; other areas, such as quantum reaction dynamics and statistical mechanics, were still in their infancy. Since the reliability and applicability of ab initio electronic structure calculations increased dramatically during the 80’s, QMS gained a lot of popularity and became largely accepted in the chemistry society. In the early 90’s, new research groups in theoretical chemistry started in several major universities such as Tokyo, Nagoya, Kyoto Sendai, and Osaka. During the 90’s, quantum reaction dynamics and statistical mechanics studies have gradually become popular, and, at the present, several groups are working on quantum dynamics and statistical mechanics calculations combining with the electronic structure theories.

There are about 30 universities that have research groups for theoretical and/or computational chemistry, and the number of faculty in these universities is about 100. In some universities several groups exist affiliated with different schools or institutes. All of these universities have a Master’s program but the PhD program is limited to about 10, and only three or four universities continuously supply PhD students to the academic world.  It is noteworthy that the number of theoretical chemistry groups is still small considering that there are about 700 universities or colleges in Japan. QMS researchers are also active in national institutes such as the IMS and the National Institute of Advanced Industrial Science and Technology at Tsukuba.

Studies based on electronic structure theory are still the major research field (70-80% of researchers) of QMS in Japan. Many people are using the standard packages (GAUSSIAN, GAMESS and MOLPRO), however, some groups contribute to the developments of these packages by combining their own routines for particular usage, SAC-CI, ONIOM and RISM-SCF etc. The original program package system UTChem is under development at Tokyo and is publicly available. Quantum reaction dynamics is still a small field but with considerable impact; statistical mechanics simulation studies for solution and biological systems are now growing. QM/MM methodologies have become a popular tool for these studies. This area is likely to grow further because of recent policies of the government for research funds. Overall, there seem to be two directions of the recent research of QMS in Japan. One is further developments of electronic structure methods for obtaining very accurate results and extending the applicability to large systems. The other is to use electronic structure methods for constructing molecular models for quantum dynamics and statistical mechanical simulation studies.

There are two sources for the funding of research in theoretical chemistry:  One is the basic research fund provided by the university, which is usually small and decreasing in recent years. The second source are several competitive funds for research; the most important in basic science is the Grant-in-Aid from the Ministry of Education and Science with a 20% probability for success. The fund to support a particular research area has financed from 2006-2009 a project entitled ‘Molecular Theory for Real Systems’ (leader Sakaki and 24 main members and about 70 young researchers) Besides these funds for basic research, several groups are supported by Core Research for Evolutional Science and Technology (CREST) from the Japan Science and Technology Agency.

The computing facilities have been good (either clusters in an individual laboratory or access to the supercomputer at IMS).  In 2012, the new super-computing system with the rate of 10 peta-flops is planned in RIKEN at Kobe, and the applications of computational chemistry methods to nano- and bio-systems are regarded as one of the important subjects for this computing system.

Although theoretical QMS has developed and become one of the important areas of research in Japan in the last three decades, there are problems to overcome for further developments. All the national universities became independent agencies in 2004, and the budget supporting the universities has decreased year by year. Since competitive research funds are application-oriented, the research directions of theoretical and/or computational chemistry have changed to subjects such as nano- and bio-science. The gap between the major and minor groups has widened in these 5 years. The most serious problem is that the number of academic positions for young people has decreased in recent years, because many universities, particularly small ones, are not able to maintain research groups or faculty positions due to the decrease in the budget. Under such a situation, the number of students who enter the PhD course is now decreasing. 

NORTH AMERICA

Canada

QMS is carried out in almost all Canadian Universities, i.e. in about 80% of the 60 universities. In industry QMS research is very limited. The only Government Laboratory (Herzberg Institute of Astrophysics of the National Research Council NRC of Canada) used to be a stronghold in spectroscopy with a good link to quantum chemistry, but now provides research facilities in observational astronomy to the national research community. 

The mainstream of research in the field used to be the development of electronic structure theory (coupled cluster, configuration interaction, density properties, mathematical procedures); nowadays the focus is shifting towards applications using density functional theory (DFT) and molecular dynamics and simulations as well as quantum reaction dynamics with pioneering impact on laser control and attosecond chemistry. Emphasis is also on quantum computing and nanotechnology – for both fields new buildings are under construction at the University of Waterloo.

Most universities have courses in quantum chemistry in the curriculum for chemistry students, supplemented by practical training. No such courses are offered in Biology or Pharmacy  (unless a small part is integrated in the Physical Chemistry course).

The financial support of QMS research is reasonably good, even though there is essentially only one source (NSERC –Natural Sciences and Engineering Research Council). There is great flexibility in the use of NSERC funds and no overhead – and the support has greatly improved during the last decade. 

The job situation for graduates in theoretical chemistry is not ideal but quite reasonable and even smaller universities were recently hiring quantum chemists. For a small highly selected number of applicants there are very lucrative Postdoctoral Fellowships funded by the Federal Government.

 For the younger generation in academia and for students, theoretical chemistry is fully integrated in the concert of other fields of chemistry; but it is primarily seen as a tool, relying on black-box codes, supporting, or sometimes even replacing, experiments. It must also be said that the whole field of Chemistry suffered in recent years in prestige, partly being blamed for pollutants, food additives, crop manipulation and the like.

Canada has no special professional organisation for theoretical chemists, but the Canadian Society for Chemistry meetings have usually sub meetings in Theoretical Chemistry. Since 1965 there is every three years the Canadian Symposium on Theoretical Chemistry, with international attendance, alternating with the tri-annual American Conference on Theoretical Chemistry and the International Congress of Quantum Chemistry supported by the IAQMS.  In addition there are annually two-day Chemical Physics Meetings at the U of Waterloo  (for the last 24 years) and since 1991 annual Canadian Computational Chemistry Conferences.

An historical survey can be found in the article: “The Development of Computational Chemistry in Canada” by Russell J. Boyd, in Reviews of Computational Chemistry, K.B. Lipkowitz and D.B. Boyd eds., VCH Publishers, New York, Vol. 15, pp.213-299, 2000.

The absence of international exchange programs is considered a large disadvantage. It is generally felt that such programs would be dearly appreciated, particularly between Canada and the EU. Likewise, a greater focus on Asian Countries (particularly China, India and Japan) would be highly desirable.    

USA  

There are 194 universities or colleges in the United States with one or more theoretical/computational chemists on the chemistry faculty. This number includes many small four-year colleges that do not offer advanced degrees, but nonetheless feel that some background in computational chemistry is important for an undergraduate education. This number does not include chemical engineering or materials science & engineering departments, many of which increasingly hire faculty whose research is tightly coupled with theoretical/computational chemistry.  There are 92 colleges and universities with two or more faculty in theoretical/computational chemistry.

There are several National Laboratories that employ significant groups of theoretical and computational chemistry. The broadest based group are the Department of Energy (DOE) Laboratories, nearly all of which are actively engaged in QMS-related research. The culture at the DOE laboratories is one of multi-disciplinary, multi-group efforts. These efforts frequently cut across and blur the lines that often separate electronic structure theory, statistical mechanics, dynamics, computational and computer science, materials science and engineering, biological sciences, and others. Because of this culture major advances frequently emanate from these laboratories. Other national laboratories are operated by the Department of Defense, the National Institutes of Health, the National Atmospheric and Space Administration, and the National Institute of Standards and Technology. There are, in addition, national supercomputer centers (sometimes called major shared resource centers) that are operated by the National Science Foundation, the Department of Energy, and the Department of Defense. These centers are available for use by any US scientists. Several US companies invest in theoretical and computational chemistry groups, although perhaps fewer than in previous years.

The full range of theoretical and computational chemistry is well represented in the US, with both development of new methods and algorithms and applications to a broad range of problems. Collaborations across sub-disciplines are encouraged by most of the funding agencies, and there has been an emphasis on solving “multi-scale” problems and on “cyber infrastructure”. Many major computational chemistry packages are developed in the US, some with important contributions from groups in many other countries.

There is a downside that should be noted. There are a growing number of computational chemists, as well as experimentalists, throughout the world who use standard codes without a deep understanding of their underlying theory.  A disappointingly large number of papers are appearing that use inappropriate methods and make conclusions that are totally unfounded. So, there is a need to develop better ways to broadly educate users of computational chemistry codes. In addition, many of the university theoretical chemistry research groups increasingly tend to be mainly computational.  The development of young people who develop new theoretical concepts in statistical mechanics, dynamics and electronic structure appears to be dwindling.  

Most graduate curricula include courses in theoretical and computational chemistry. Requirements are very variable, since course requirements vary greatly among graduate school curricula. Frequently, theoretical/computational chemistry courses are required only for physical chemistry students, while in some graduate programs a computational chemistry course is required for all students. Most graduate programs offer “special topics” courses in specific areas of theoretical chemistry that usually appeal to a narrow group of students. The appearance of theoretical/computational courses in the undergraduate curriculum is also variable. Nearly all undergraduate physical chemistry courses include a quantum chemistry component. Some universities have an undergraduate course that is specifically devoted to theoretical/computational chemistry; most commonly, these courses are focused on quantum chemistry. 

Graduate-level curricula in computational biology are becoming increasingly common. These programs often include a strong component in applied mathematics and computer/compu-tational science, as well as computational chemistry. Participants in these programs include students/researchers of agriculture, as well as from the more “fundamental” areas of the biological sciences. Similar comments apply to chemical and mechanical engineering and to materials science and engineering. Indeed, some excellent research comes from chemical engineering departments where there is increasing interest in computational chemistry.

Although there has not been a fixed retirement age in the US for nearly 20 years, professors still ordinarily retire in the 65-75 age range. There is a bulge in this age group due to the baby boomer generation, so many positions are opening up, and the general interest in theory and computations is increasing.  This is good for the field.  The number of students who are interested in combining theoretical chemistry with mathematics or computer science seems to be increasing.  A poor economy tends to increase interest in graduate school. There seems to be a reasonable number of computational chemistry positions available in chemical engineering departments.

Financial supports can be obtained from many sources. The National Science Foundation    supports what is considered to be basic research. Recently, there has also been a big emphasis on ”cyberinfrastructure”. This is a collaboration between the computer science part of the NSF and application fields like chemistry, biology, physics, materials. The emphasis in chemistry is very dependent on the division director and that person’s priorities. In recent years, the chemistry division director has been a 2-year “rotator”, so there are some fluctuations in the priorities. The Department of Energy has a strong tradition of supporting physical chemistry, both experimental and theoretical. The research must be related to energy or environmental issues. The Department of Defense has a much smaller, but non-trivial, budget for theoretical chemistry. Many theoretical chemists have been supported by the Air Force, Army, Navy, or DARPA. Although the research must ultimately relate in some way to defense issues, there has traditionally be a strong appreciation for the importance of fundamental developments. The National Institutes of Health supports research that is related to health issues. There are also smaller agencies, such as the Petroleum Research Fund (PRF: small grants administered by the American Chemical Society), the Alfred P. Sloan Foundation (for people just starting out), the Dreyfus Foundation (emphasis on teaching), and others. The recent economic downturn has caused several of the smaller organizations (e.g., PRF, Dreyfus) to significantly curtail their operations. The larger funding agencies are also feeling the pinch and may have to cut back on the number and sizes of grants.

The American Chemical Society (ACS) has divisions of physical chemistry (PHYS) and computers in chemistry (COMP). There is also a theoretical chemistry sub-division of the physical chemistry division.  These divisions organize symposia in theoretical and computational chemistry at the semi-annual national meetings. These symposia frequently include talks on both theoretical and experimental issues. There are also regional ACS organizations that have annual meetings, frequently with theoretical/computational symposia. Other national organizations frequently provide symposia related to theoretical and computational chemistry. These include the American Physical Society, which includes a division of chemical physics, the Materials Research Society, and the American Institute of Chemical Engineering. There are also several regional theoretical chemistry organizations, including those in the Midwest, Southwest, West and Southeast. The American Conference on Theoretical Chemistry (ACTC) is held triennially, alternating with the International Congress of Quantum Chemistry (ICQC) and the Canadian Theoretical Chemistry Conference.

Theoretical and computational chemistry has come of age in broad areas of science and engineering. This is particularly true in chemical engineering, materials science and engineering, the biological sciences and physics. In addition, interest in combining computer science and applied mathematics with theoretical/computational chemistry is increasing.

There are many opportunities in the US, mostly through the National Science Foundation, to support international scientific cooperation. These include nearly every region of the world. There is a relatively new NSF program called PIRE (Partnerships for International Research and Education) that is intended to foster international opportunities for younger faculty and students. This could be a very fruitful area to foster international scientific collaborations in QMS.

Cuba
Cuba is a small island in the Caribbean Sea and shows an interesting development in the field of molecular modelling and quantum molecular sciences. This fact in itself is amazing, considering the small territory and population. The huge educational effort of this country yielded a relatively robust scientific action toward theoretical matters, which can be afforded with low cost and modern technology computers, in contrast to the conditions of severe  limitations for experimental work.  The list of most active Cuban scientists in the related fields is given in the Appendix. Primary topics are among others the study of molecular interactions in small and large molecules/crystals, including quantitative structure-activity relationships (QSAR), drug design, and the spectroscopic study of properties of new and biological materials.   
SOUTH AMERICA

Chile

In Chile there are 58 universities which are divided into two major groups: A) traditional universities (25), which are older and obtain government funding and B) private universities (33). Both groups are spread over the country, located in major cities. The total number of students is about 600,000. Approximately twenty-five of these universities offer a degree in chemistry (most of them public). There are about seven universities that have doctoral programs in chemistry.

In the 1980s a significant number of theoretical chemists received their doctorates in Europe and USA. Most of them returned to Chile and initiated high-level research groups, for example at the Universidad de Chile, Pontificia Universidad Católica de Chile and Universidad de Concepción. Such groups were the basis for a new generation to get their academic degrees in Chile.

Today, computational theoretical chemistry groups are present at several universities. The field is relatively strong in Chile, both in number of scientists and in research activity, measured by projects and by the number of publications in international journals. Today about 35 students work for a doctorate in theoretical chemistry at different universities. In recent years, the research groups have added post-doctoral students (approximately 10). Currently there are 30 scientists in computational theoretical chemistry, i.e. about 10% of all researchers in Chemistry. Their average age is 40 years.

Like all areas of research, theoretical chemistry is heavily dependent on public funds coming to the “Consejo Nacional de Ciencia y Tecnología (CONICYT)”, the Chilean National Research Council. In recent years, it has joined the Initiative Millennium funded research projects of greater scope.
Every two years (for the 6th time now) an International Conference “Workshop of Computational Chemistry and Molecular Spectroscopy” is organized in Chile, with a significant participation of researchers from abroad (100 participants). The last one was organized by the Universidad Andrés Bello. Theoretical chemistry is also present at the Conferences of the Journal of the Chilean Chemical Society, which take place every two years and have national character.
Research lines are in areas such as interactions potential models for the analysis of chemical reactions, models of condensed phase chemical processes, quantum pharmacology, electronic transfer, relativistic quantum chemistry, density functional theory, molecular dynamics, etc. Over the years some of these lines have developed to meet international recognition. In recent years there have been very important advances in catalysis, material and nanotechnology. 
In the last ten years a significant growth has been observed in the number of publications with high impact factors. Much of the Chilean scientific publications in theoretical chemistry are concentrated in journals such as Journal of Physical Chemistry A, Journal of Chemical Physics, Chemical Physics Letters, International Journal Quantum Chemistry, Theochem, etc.   

Argentina
Argentina has a tradition of research in theoretical and computational chemistry since the 1970s . The Theoretical Chemistry Division in the INIFTA , University of La Plata was created in the early 70s. This division has been extremelly fruitful in the consolidation of theoretical chemistry in the country. The Department of Physics of the University of Buenos Aires has also originated about the same time, and has also been succesful in forming first level scientists in the field. Several national and regional meetings and schools in the field of Theoretical Chemistry have been organized in the 1980s that helped to consolidate the area and to generate fruitful collaborations. As an example, we can mention the Latin American schools and Summer Schools of Theoretical Chemistry, organized in the INIFTA in 1985, 1986, and 1987.

Research in theoretical and computational chemistry is typically performed at national universities and/or institutes belonging to CONICET (National Research Council of Argentina). There are several groups working on electronic structure development and applications to problems in chemistry and material sciences. In recent years, molecular simulations using classical force fields, typically applied to biomolecules, are also the subject of research in several groups.

The financial support in recent years has improved; the main sources are government grants, however the funds are still scarce by international standards. Typically, there is not enough financial support to send advanced students to attend international conferences.

There are research centers with several research groups working in the field, such as La Plata University in which there are three research institutes (INIFTA,  CEQUINOR, and ILFYSIB), Córdoba University (INFICQ),   University of Buenos Aires (Department of Physics, and INQUIMAE), University of San Luis (Departments of Physics, IMASL, and Department of Chemistry), University of the South at Bahía Blanca (Departments of Physics and Chemistry) and National Comision of Atomic Energy (at Buenos Aires and Bariloche). In other universities  there are smaller but active groups, such as University of Quilmes, University of Comahue at Neuquén, University of the Northeast   at Resistencia, University of the Northeast at Corrientes,  University of Rosario (IFIR), University of Patagonia San Juan Bosco (Department of Chemistry), and INTECC (University of Litoral, Santa Fe). 

Columbia
There are 13 Universities in Colombia offering degrees in Chemistry (most of them public). Of those, only 8 offer graduate degrees  (mostly masters). 

Theoretical Chemistry is relatively new in Colombia when compared to other chemical areas, both in number of groups and in research activity (number of publications in international journals). Most of the research group leaders have joined their institutions in the last 10 years. The number of students pursuing a Doctorate in Theoretical Chemistry is very small (around 15). 

Around eight Universities have research groups working in Theoretical Chemistry. 

EUROPE

NORTHERN  EUROPE

Denmark

QMS research is carried out at universities in Denmark, but with the exception of Århus the groups are quite small. Electronic structure theory is the prominent area of research and developments through the last 40 years have made possible the accurate determination of molecular properties from first principles calculations.  Desirable would be more emphasis on the dynamics of elementary processes.

It is felt that there could be more “hard core” quantum chemistry earlier in the curriculum of chemistry students, but the situation in Denmark seems to be better than in some other countries. There are only few academic openings, but many young theoreticians find positions where their way of thinking, working and their international experience provides a solid background for a career. 

As a small country Denmark does not have many channels for financial support of research. Most grants emanate from government sources, often in the form of so called center grants. The Lundbeck Foundation is a private source that has become a substantial contributor to basic research through the last few years. The Carlsberg Foundation gives more individual support. 

The Danish Chemical Society has had a subsection for Theoretical Chemistry for about 40 years. A yearly meeting is held in conjunction with the entire Society and occasionally special arrangements are made for gatherings with prominent visitors. Theoretical Chemistry seems to be fully integrated in the concert of chemistry. 

International cooperation and exchange is vital for the field and hence support for summer schools, topical conferences, and exchange of graduate students and postdoctoral fellows would be extremely desirable.  

Finland

The first dedicated position in Quantum Chemistry in Finland was established in 1972 at Abo Akademi in Turku.  Currently, research in QMS is carried out at various universities. Both the University of Helsinki and the Technical University of Helsinki (renamed as Aalto University) now have a dedicated chair.  The former is a redefinition of the  “Swedish Chair of Chemistry” at the University of Helsinki and is internationally known for its work in relativistic effects in quantum chemistry. It chaired from 1993 – 1997 the European Science Foundation program in “Relativistic Effects  in Heavy Element Chemistry and Physics” (REHE) .  Other places with QMS activity include Joensuu,  Jyväskylä,  Oulu and Tampere University of Technology.  At least one medical company have a modelling group.
At Helsinki, yearly Winter Schools in Theoretical Chemistry have taken place since 1985, with typically 50 – 100 participants, most of them from other countries. From 2006-2011 the University of Helsinki acts as the Finnish Centre of Excellence in Computational Molecular Science.  Together with its counterparts in Denmark, Norway and Sweden, it has a Nordic Centre of Excellence (2008 - ) to promote further cooperation. 

The amount of Quantum Chemistry taught in the regular chemistry curriculum is rather low and corresponds at best to that in Atkins’ “Physical Chemistry”. Many of the colleagues at universities organize common postgraduate activities within “LASKEMO”, the Finnish Graduate School in Computational Chemistry and Molecular Spectroscopy.

The Association of Finnish Chemical Societies has a section for Computational Chemistry which meets annually. The national supercomputer centre CSC is a major hardware resource.     

Norway

Research in QMS is carried out at all major universities in Norway, i.e. Oslo, Bergen, Trondheim, and Tromsø, hardly any in Government Laboratories or in industry, although some work is carried out at the Centre for Industrial Research (SINTEF). The mainstream is electronic structure theory, computational chemistry and some simulations. Many perform solid state calculations, but there is no development in this area. In general collaboration with experimentalists is increasing. Much work is devoted to the DALTON package, a cooperation also with colleagues from Denmark and Sweden. A weak point is possibly the lack of research in dynamics and statistical mechanics.

Apart from the direct funding from the universities, the only funding is through the Norwegian Research Council. Members of the Centre for Theoretical and Computational Chemistry (CTCC) shared between Oslo and Tromsø, which is a center of excellence with very good funding, have financial advantages over researchers at other places. 

Courses in quantum chemistry are at a quite low level (Atkins “Physical Chemistry”). Some departments supplement the curriculum with simulation courses. There is a definite lack of master students in theoretical chemistry, in particular when compared to the 1990s. The lack of PhD students is not as alarming, since there are always applications from abroad. Many academic positions in theoretical/computational chemistry have been filled since 2000 (altogether six), so that it may be more difficult for young people in academia for a period of time. 

A new Theory Section has recently been established in the Norwegian Chemical Society (NCS), comprising all quantum chemists and computational chemists. Annual meetings are planned for the future. This might also help the recognition of the theoretical chemists in Norway, some of which feel that they are still not recognized as “useful” chemists by their chemistry colleagues.

Some scientists in Norway find support from the European Union – the problem is always the required bureaucracy for such grants.  

Sweden

Theoretical Chemistry has an important place in Swedish chemical research. It dates back 50 years with the foundation of the quantum chemistry group in Uppsala. For a long time the subject was part of theoretical physics with the strongest group in Uppsala (Per-Olov Löwdin, one of the founding fathers of IAQMS) and in Stockholm  (Inga Fischer-Hjalmars). One or two generations of quantum chemists worldwide participated in the annual Löwdin summer schools, a project which he started in 1958. The first chair in theoretical chemistry in Sweden was established 1983 at the university of Lund. Today the subject is represented at all major Swedish universities (Lund, University of Stockholm, the Royal Institute of Technology (KTH) at Stockholm, Uppsala, Göteborg, Linköping and Örebro). 

The main research fields are: basic quantum chemical methodology(Lund, KTH, Linköping), application in most areas of chemistry, i.e. biochemistry, inorganic chemistry, organometallic  chemistry, surface chemistry etc. Several projects are in collaboration with experimentalists in Sweden or abroad.  The quantum chemistry program package MOLCAS is developed in Lund. Work with the DALTON package takes place in Linköping and at KTH, in collaboration with researchers from Norway and Denmark. 

The major part of the financing comes from the universities and from the Science Research Council. Occasionally, for a limited period of time, money can also be obtained from other agencies like SSF (Foundation for Strategic Research) and private foundations. It is definitely felt that Swedish quantum chemistry is underfinanced, considering its high status in the country and internationally. It is often argued that the funds are better spent in biochemistry, nanosciences and other currently fashionable sciences.

Chemistry students have a meagre background in mathematics, so quantum chemistry is taught only at a very low level (Atkins’  “Physical Chemistry”), a situation which is the same in all Scandinavian countries. Rather few chemists in Sweden learn anything about theory. Recruiting students for that more demanding field is difficult. It is easier to get students from other countries, but here the financial situation of some groups sets a limit. 

The Swedish Chemical Society has a subgroup “The Swedish Association of Theoretical Chemistry”: a national conference is organized at least every 5th year by this association. 

Estonia

Theoretical work in chemistry is being carried out at the University of Tartu and at the Tallinn University of Technology. Topics are gas phase reactions and solvent effects, and at both universities emphasis is on  the study of  quantitative structure-activity relationships (QSAR).

Ukraine

We have available information on QMS activities at the Bogolyubov Institute for Theoretical Physics in Kiev. It belongs to the National Academy of Sciences of the Ukraine (NASU). Further centers are Kharkov (both NASU and Kharkov National University), Dnepropetrovsk, Lviv, Odessa, Donetsk and Cherkassy.
CENTRAL AND  WESTERN EUROPE

Czech Republic  

Quantum molecular science belongs to the traditional strongholds of science in the former Czechoslovakia. This tradition started as early as the 1950’s. Thanks to the achievements by its pioneers, QMS became internationally recognized in a short time and, in spite of restrictions imposed by the communist regime, personal acquaintances were made with prominent foreign quantum chemists of the time. This promising development was interrupted in 1968 when the leaders of the Czech QMS, Koutecký, Paldus, Čížek and Michl, emigrated after the occupation of the country by foreign armies. Then several of their students tried their best to continue the tradition. But it was primarily thanks to Rudolf Zahradnik that QMS in Prague stayed alive. 

In the Czech Republic the research in QMS has been pursued exclusively at three academic institutions in Prague: J. Heyrovský Institute (JH) of Physical Chemistry, Academy of Sciences of the Czech Republic, which has  been a leading institution in Czech QMS, the  tradition of which is continued in its Department of Theoretical Chemistry. The scope of  research is hard-core quantum chemistry focused on the development of computational methods. Secondly,  the Institute of Organic Chemistry and Biochemistry (IOCB) which is largely oriented to applications of existing computational methods to problems that are of interest to organic chemists and biochemists. Finally, the main interest of the group in the  Department of Chemical Physics (DCP), Charles University is to solve fundamental computational problems in quantum mechanics.

In the past the main stream in the Czechoslovak QMS was the electronic structure theory, and theoretical foundations. The situation has been changing in the last decade and there is a growing interest in computational chemistry, i.e., molecular simulation, chemical dynamics, and applications to material science and biochemistry. The main change in this country from  1970 to 2007 is the present availability of computational facilities.

The financial support is limited by the overall support given to universities and the Academy.of Sciences

QMS is contained in the undergraduate chemistry curriculum at the Charles University, and additional courses are offered in the Departments of Mathematics and Physics. A course on fundamentals of quantum chemistry is offered, though there now is a new trend to reduce it  in order to make the curriculum “easier”  for students. The situation is most likely even less favorable at off-Prague universities

In general there is not much interest among students in science. In QMS the applied topics,    particularly if oriented to biochemical applications, are favored over pure QMS. In recent years there have been more foreign than domestic students and foreign postdoctoral fellows at JH. At the Charles University very few students are interested in theoretical physics, and they mostly prefer (in their opinion) “fancy” fields such as cosmology or others. In a small country as the  the Czech Republic the number of openings is small but  talented young people interested in QMS find an appropriate job and sufficient support . 

There is a “Central European Symposium on Theoretical Chemistry” as a meeting of quantum  

chemists from the Czech Republic, Slovakia, Hungary, Poland and Austria.

Czech scientists have profited form the EU programs such as Marie Curie and Erasmus fellowships. It would be nice to have something like that especially for QMS; ideally with less paperwork. 

Slovakia 

The beginning of QMS in Slovakia was closely linked to the history of QMS in Prague in  former Czechoslovakia.  Senior representatives of QMS in Slovakia are former PhD students of the pioneers in Prague. The year 1968, when many of the Czechoslovak pioneers left their country can be considered as the start of the Slovak QMS on its own. The continuous support by R. Zahradnik was important and a strong link of the Slovak QMS to the Prague school as well as  frequent collaborations persist up to the present day. 

Research in QMS is pursued primarily at three institutions in Bratislava i.e. Comenius University, Slovak Technical University and Slovak Academy of Sciences. Small groups are active at the Constantine Philosopher University in Nitra, and at the Matej Bel University in Banská Bystrica. Very fruitful is the extensive international collaboration. The main focus is on hard-core quantum chemistry, the development of electron correlation methods for highly accurate calculations of molecular properties, including NMR and EPR spectra, as well as on  the treatment of intermolecular interactions. More applied work encompasses computer simulations for nanomaterials using DFT and Quantum Monte Carlo methods as well as applications to biomolecules and drug design. Contrary to other countries there is low interest in using computational chemistry among scientists in other chemistry-related disciplines. Collaboration with experimentalists is not strong. 

The percentage of the GNP devoted to science in Slovakia is one of the lowest in the EU. Therefore the QMS community suffers from the shortage of resources as well. Most supported are disciplines like biotechnology, material science and environmental science, but not basic research. 

As in other countries there is little interest among young people in natural science, particularly in physics and chemistry. There are basic courses on chemical structure and the theory of chemical bonds in the curricula of chemistry at the undergraduate level. There is a definite need for a course in computational chemistry for all chemistry students.  In spite of increasing participation of theoretical and computational chemistry in chemical research, QMS related education was reduced in recently implemented curricula with the argument that interest in chemistry among students is declining and so it is appropriate to make the curricula less demanding. Consequently education in theoretical/computational chemistry in Slovakia is restricted to a small part of chemists.  Since recently, there is increasing availability of postdoctoral positions with variable interest in QMS. A possibility is to apply for EU framework programs, but it is difficult to attract young scientists from other EU countries since the scientific and computational infrastructure remains less developed than in older “member states” of the EU.

.The Slovak Chemical Society has a branch of Quantum Chemistry. Slovak researchers participate in the series of Conferences “Central European Symposia on Theoretical Chemistry” organized rotationally in Austria, Czech Republic, Hungary, Poland and Slovakia. 

Poland  
Quantum chemistry started in Poland, mainly as  electronic-structure theory, in the late 1950's at small university groups in Warsaw, Cracow and Toruń.   The electronic structure, both formal methods development and applied,  remains its main strength until today, although other  research directions,  like theoretical rovibrational spectroscopy,  collision and reaction dynamics, and  statistical mechanics simulations, are now also well represented. Initially the main emphasis was on theoretical foundations and computational method developments.  Now more and more emphasis is on applications, particularly to molecular spectroscopy, organic chemistry, material science, biochemistry and biophysics. Applications of very accurate methods of electronic structure theory to various branches of physics like atomic, nuclear, or particle physics have also been made and may be viewed as a specialty of Polish quantum chemists.   

Since the pioneering era of the 1950's and 1960's many new groups were set up at practically all universities, most  technical universities,  and at several government laboratories (Academy Institutes).  The groups in Warsaw, Cracow and Toruń, as well as new groups in Wrocław, Gdańsk  and Poznań are the largest and scientifically strongest in the country.    Altogether about 60 researchers with “habilitation”  (a licence to  supervise graduate students) are active in the field and the number of  students working on their PhD's is now close to one hundred. 

The number of tenured faculty positions in the field of theoretical chemistry increased significantly during the last 10 years, although the growth took place mainly in the already strongest institutions.  There appears to be increasing understanding in Poland about the importance of theoretical methods in contemporary chemical research. More and more of theoretical applications are done in collaboration with experimental groups. The available financial support may be viewed as satisfactory for purely theoretical research. Since the advent of  Unix clusters  also the computing facilities can be viewed as reasonably good for a country of  moderate economic strength  like Poland. 

The representation of quantum chemistry in the chemistry curricula at major universities is presently adequate. The main challenge is the poor math and physics background of the majority of students and the need to redirect the teaching program to students who can possibly appreciate only applicative aspects of quantum chemistry. Still,  there remains some interest, although  from  a small minority of students, in more advanced studies of quantum chemistry. 

The job market in Poland for PhD recipients in quantum chemistry is practically limited to academic institutions. As a result Poland is a large exporter of PhD educated quantum chemists; likewise a rather small exporter of graduate students in the field of quantum molecular science.  The main problem for Polish quantum chemistry appears to be the lack of  new independent, tenure track positions for young talented  researchers  who established themselves  during their postdoctoral   stays abroad and want to return to Poland. 

The theoretical chemistry community in Poland is represented by the Quantum Chemistry Section of the Polish Chemical  Society. It organizes small theoretical symposia during the annual meetings of the Polish Chemical Society.  The important forum for the presentation of the most important results of Polish quantum chemists is also provided by the Central European Symposia on Theoretical  Chemistry organized annually on a rotating basis by Austrian, Czech, Hungarian, Polish and Slovak quantum chemists. 

Polish quantum molecular science has benefited very significantly from international exchange. Even during the communist era there was an uninterrupted flow of Polish quantum  chemists (starting with Kolos's sabbatical at the Mulliken group) visiting the groups in the USA, Canada and Western Europe. As a side effect, not really beneficial for the state of  quantum chemistry  research in Poland, a dozen or so most successful Polish quantum  chemists  emigrated and established themselves as tenured professors at academic institutions in these countries. The international exchange remains important, although not as crucial as in the 1970's and 1980's , and is redirecting gradually from North America to countries of the European Union. Still a stronger collaboration of Polish groups with international partners, especially within the framework of EU founded research programs would be very desirable. 

Hungary

QMS research is carried out at the four universities in Hungary (Eötvös University and Technical University at Budapest,  Debrecen and  Szeged)  and at the Chemistry Center of the Hungarian Academy of Sciences. The topics are broad and theory-oriented.

The financial support is considered acceptable, the electronic access to Journals is somewhat limited.

The basis of QMS is part of the chemistry curricula and special courses are also available.  There is no network of Hungarian theoretical chemists. 

The Hungarian Academy of Sciences has 37 members from the field of chemistry, but none from theoretical/computational chemistry. Otherwise the representation of theoretical chemistry, being less expensive than experimental chemistry, is traditionally fairly strong. 

Slovenia

Most of the research in QMS is carried out at the National Institute of Chemistry, Ljubljana (formerly the Boris Kidric Institute of Chemistry). In 2007 ten full time investigators and eight graduate students were engaged in four long-term and three  short-term projects.  Topics treated are: quantum chemical modelling, biomolecular recognition, QM/MM calculations of enzyme centers, Car-Parinello studies, theoretical NMR spectroscopy and hydrogen bonding, particularly in drug design. There is a small group to support the development of new materials with intrinsic useful properties. A few supplementary computer programs are developed for calculating X-ray scattering and also some adaptive simulation schemes (AdResS)  for changing the spatial resolution during the course of MD simulations, including long-range force. 

Teaching of quantum chemistry is included in the undergraduate course Structure of Atoms and Molecules. Computational support is part of the research programs in physical chemistry  and chemical engineering.

The number of graduate students engaged in research in computational chemistry is limited by the poor prospects for employment. The pharmaceutical industry in Slovenia is oriented towards the market of generic drugs, for which quantum chemistry support is not required.  Further expansion of employment at universities and the independent research institutes is rather unlikely, considering the rather limited financial resources.  In contrast to the well established cooperation with major research groups abroad, there is no organized network among chemists inside  Slovenia.     

Austria
Theoretical Chemistry has made substantial progress in the early seventies when theory groups were created at all major universities in Austria, e.g. in Vienna, Graz and Innsbruck. The areas of research were mostly electronic structure theory at that time. Parallel to the molecular quantum chemistry,  strong groups of theoretical material science appeared, often in close contact to the groups oriented towards molecular theory. In the 1980ies strong impact came from scientists working in biomathematics and global DNA modelling. After this strong increase of theoretical chemistry positions in a relatively short time,  the expansion was attenuated strongly and mostly restricted to biosciences. From the 22 currently active professor positions nine are attributed to Quantum Chemistry, seven to Computational Material Science, three to Theoretical Biochemistry and related fields and three to classical molecular dynamics modelling of proteins and polymers in general. Five of these positions are full professors, the remaining part is associate professors with quite limited possibilities in the university hierarchy. New appointments in quantum molecular science have been rare in the last 10-20 years. This fact had a strongly negative influence on the age structure of the quantum chemical groups in Austria. Seven colleagues (five in Quantum Chemistry, one in Theoretical Biochemistry and one in Comp. Material Sciences) will retire in the next 2-4 years. Several more will follow soon afterwards. Two full-professor positions are currently open (December 2008) at the University of Vienna, one for Biomolecular Modeling and one for Theoretical Chemistry and Computational Science. The outcome of these two appointments will certainly have a significant influence on the future of Theoretical Chemistry in Austria. 

Relations and contacts of Theoretical Chemistry to the other fields of Chemistry is probably good in the biomolecular sciences in terms of cooperation and recognition. Besides that the situation in Austria is characterized by a lack of strong molecular spectroscopy groups (with some exceptions in Vienna and Innsbruck) and structural chemistry groups. Thus, major strengths of quantum chemistry do not find respective counterparts in experimental research in Austria. With notable exceptions an interleaving of experimental and theoretical research has not been observed. 

The funding situation has been quite acceptable in Austria when averaged over the years. The Austrian Research Foundation (FWF) has established a good peer-reviewing system for proposals including special research projects combining a larger number of research groups. The computer equipment is mostly supplied by the universities. Each of the groups is reasonably well equipped with computer clusters. A strong central supercomputer center is missing, but this is probably not a serious drawback. There is no special network of theoretical chemists in Austria but some affiliations with the German Arbeitsgemeinschaft  Theoretische Chemie (AGTC),  and two winners of the Hellmann prize, awarded by the AGTC, come from Austria. 

Theoretical Chemistry is well represented in most Chemistry curricula in Austria, in some cases (University of Vienna) already at the bachelor level with obligatory lectures and computer labs. Unfortunately, the basic mathematics and physics tuition cannot be considered as adequate. The job situation for theoretical chemists outside  academia is difficult as the pharmaceutical and chemical industry is weak in Austria and the major research work is performed outside the country. 

External evaluations of university groups at high scientific level (as they are partly occurring) and funding of excellence centers and special research proposals will certainly support the status of Theoretical Chemistry in Austria as it has been the case in Germany.

United Kingdom

Since the days of Lennard-Jones and Coulson in the 1930s the UK has been strong in quantum molecular sciences. Until recently, quantum chemistry was the main research area but in the last few years there has been a major shift to applications such as simulations of condensed phases, reaction dynamics and biomolecular modelling. The subject has benefited from Royal Society University Research Fellowships that allow promising researchers to start an independent career and last for up to 10 years. Most of the major UK chemistry departments have received new faculty appointments recently in theoretical chemistry. 

The Theoretical Chemistry group of the Royal Society of Chemistry (RSC) is active in organising meetings that emphasise student talks and the Faraday Discussions of the RSC, held on a wide variety of topics in physical chemistry, frequently include theoretical papers. Most research funds for students, postdocs and equipment come from the Engineering and Physical Science Research Council which also supports very active Collaborative Computational Projects in areas such as quantum chemistry, quantum dynamics, surfaces, solids, condensed phases and biomolecular modelling.

In the past there have been quite good job opportunities from the pharmaceutical industry for computational chemists in the UK.  There have been not so many of these jobs recently and several promising theoretical chemistry students and postdocs have been lost to lucrative financial jobs in London. 

Theoretical chemistry is an important element of the curriculum in most major UK chemistry departments which typically have an intake of 70-100 undergraduate students each year. Many undergraduate students have only weak mathematical ability and several departments have to put on extra classes to make up for this deficiency. Some undergraduates undertake a research project on theoretical or computational chemistry in their fourth year. PhDs take 3-4 years and the number taking up projects involving quantum molecular sciences is quite buoyant especially for projects with applications where it is easier to win research funds. There are some major national computational facilities but the increasing emphasis is on local clusters. 

The Netherlands

Research in QMS is carried out at all 9 universities.   Electronic structure theory is maybe still the strongest (Amsterdam-VU, Groningen, Utrecht, Leiden, TU-Twente, Nijmegen, TU-Eindhoven), but both Chemical Dynamics (reaction dynamics) (Nijmegen, Leiden) and MD methods (Amsterdam-UvA, Amsterdam-VU, TU-Eindhoven, TU-Twente) are important. Computational Chemistry is being practised in the Theoretical Chemistry groups as well as in many experimental groups. The groups have strong international contacts and are heavily involved in the development if computer packages used in many laboratories.  Amsterdam-VU is home of the ADF package.  Visscher is involved in the DIRAC code with the Scandinavian groups and Joop van Lenthe is coauthor of GAMESS-UK.

Computational facilities are generally good to excellent. There is good national policy via the NWO foundation “National Computer Facilities”. For funding of Ph. D. students and postdocs, the theoreticians have to compete with all other chemists at the National Science Foundation NWO; they are reasonably successful 

Elementary theoretical chemistry (“chemical bonding”)  courses take an important place in all bachelor programmes at all universities. Computational Chemistry courses are either obligatory in the bachelor programme, or optional at either the bachelor or master level. 

The interest of Dutch students has shifted away from the physical directions within chemistry to particularly biological directions, and some materials science and catalysis. The total number of chemistry students has dropped very much (ca. 30% of levels before 1990). It is  difficult to  finding good Ph. D. students, typically al least 50% are foreigners. So Ph.D. positions are plentiful for good students. There are fewer postdoctoral positions available due to the  funding system, which is geared towards Ph. D. student support. Furthermore,  there are good opportunities for funding for young people due to an extensive programme of grants for young people, with the top being formed by grants of ca. 1.2 M Euro for rising stars (limit 10 years after Ph. D.). But there are not many permanent positions at university available afterwards for these people.

The Dutch National Science Foundation (NWO)  branch for chemistry has a “study group” for Spectroscopy and Theory. It organizes yearly meetings of the Theoretical Chemistry in The Netherlands, which are well attended. The group can influence science policy by giving advice to the overall Board of Chemical Sciences at NWO.

Theoretical chemistry is fully recognized as one of the modern fields in chemistry. But it still tends to be judged by the wider community of experimental chemists by its “usefulness” in collaborations with experimentalists. Such collaborations occur frequently. The intrinsic value of Theoretical Chemistry as study of the quantum mechanical nature of the motions of electrons and nuclei in molecules and materials is little recognized by chemists; they do appreciate the applications, though. 

For The Netherlands the overruling concern is the lack of enthusiasm among the students, which is compounded by the poor enrolment in chemistry in general. Theoretical chemistry  has no special problems compared to the other fields of chemistry – but funding of more stipends, travel and short term visits, etc.  for all branches of chemistry would  be welcome. 

Belgium 

Research in QM science is undertaken at all universities in Belgium. Topics are very broad and range, for example, from electronic structure theory and chemical reactivity to polymer science, protein engineering and design of molecular logical machines. 

Financing comes from the universities and from various research institutions (Belgian  and European). The “Fonds National de la Recherche Scientifique” and the “Fonds Wetenschappelijk Onderzoek” are aware of the importance of supercomputers for the whole field of pure and applied science 

As in many countries, most of the chemistry students have a weak background in mathematics and in physics and have little interest in theory. A career in quantum chemistry appears highly problematic. The messages sent by the authorities (both governmental and academic) – and also by other colleagues – put the emphasis on directly “useful” chemistry. Many postdoctoral fellowships are awarded to Asiatic applicants because no European candidate is available.

.

France

The scientists with permanent employment, doing academic type research in France in the field of quantum molecular science or in simulation with strong ties to quantum chemistry are about 100-120 persons. Either a University or the CNRS (National Research Centre) employs them. Some rare individuals are employed by the CEA (Commissariat à l’Energie Atomique) or by major Industries. This large number of permanent researchers requires a short explanation of the system in France.

The University and CNRS jobs run in parallel manners. The higher level for a University is Professor and the higher level for the CNRS is Research Director. The lower positions are Maitre de conferences and Research associates (chargé de recherche) for Universities and CNRS, respectively. All these positions are permanent.  Furthermore the higher education system in France favors grouping of faculty and researchers at the same location, which is, in most cases in a laboratory on University grounds. Thus a “laboratoire” should host Professors, Research Professors, Maitres de Conférence and Chargés de Recherche. Those employed by the Universities and the CNRS work at the same place and share the same facilities, the important difference between the two types of position is that those employed by the Universities have compulsory teaching duties while those employed by the CNRS have essentially research activities and can teach voluntarily.  These characteristics are not limited to theoretical chemists. There is no compulsory hierarchy system according to which the maitre de conference or chargé de recherche works under the guidance of a professor or research professor. S/he can have an independent very active research program and personal funding. For this reason all persons with permanent employment are included in the list (Appendix) regardless if they are of the first or second level.  Promotion opportunities have been always defined by budgetary and state rules. They have been especially rare for instance in the late 70’s and rather limited in all times.

The French theoretical community covers most of the themes of the field. (see also the details in the Appendix).  The community originates in good part from the few leaders who were active in the 50ies and 60ies; note that Raymond Daudel and Bernard Pullman were in 1968 among the five  founding fathers of the IAQMS. Many laboratories have their own computer resources and many have access to the computers of their university if there is such resource, or in addition to the national computers resources (IDRIS, CINES mostly). The access to computers is reasonable although resources may be somewhat limited for ambitious dynamic ab-initio studies.  Essentially all theoretical groups have a funding contract with the CNRS (a proof of quality) and have been evaluated regularly by the CNRS (now by another agency called AERES). This regular evaluation has also been important for establishing and maintaining contact between laboratories. Several regular meetings were initiated in the early 80’s; meetings and summer schools are now organized frequently (overall one meeting per year) and they are well attended by permanent and non-permanent persons. The active Réunion des Chimistes Théoriciens Français has become Réunion des Chimistes Théoriciens Francophone to widen the community to all French speaking theoretical chemists. This meeting and the summer schools have enhanced the awareness for methodologies in the field.   

The French scientific community, and the theoretical community in particular, suffers from a strong deficiency in students. This was especially dramatic a few years ago with the change of the organization of courses in the high education system. When the European system (LMD) was adopted, the courses in theoretical chemistry almost disappeared. Furthermore, when courses were maintained, the audience was much too small. For this reason the theoretical community has organized a national diploma and teaches classes at the doctorate level to students belonging to a group of Universities. This requires significant logistics because all the students have to be hosted for several weeks in a given place. To keep this manageable, France has been divided in 4 or 5 zones. This approach has been successful and is probably critical to the survival of the theoretical chemistry in France. 

 Post-doctoral fellows have been also relatively rare in France because of rare funding schemes. This has significantly improved recently with projects funded by the Agence National de la Recherche (ANR). 

Till recently the opening of new teaching positions in each laboratory was decided by the Ministry of Higher Education. In the future the universities are supposed to decide themselves on their structural changes (Autonomy of the University).  In contrast, hiring by the CNRS is done at the national level and is based on candidate applications. Failure of the candidate at the competition results in no new CNRS researcher for the laboratory. Because of the rarity of the students and also of post-doctoral fellows, the scientific life of a laboratory depends critically on its ability to attract new permanent persons. Most of the laboratories have struggled over many years to attract new expertise or simply new persons. Consequently, the themes within each laboratory change slowly and it is not surprising that the research directions in a given laboratory are reminiscent of the research carried out at the creation of the laboratory. 

As in many other countries, the need to work at a multi-scale level and to combine methods in electronic structure and theory of dynamics for studying problems in chemistry that are too complex or too large to be treated at a single level of theory has been well recognized. The structure of a French laboratory increases the chance to start such a project through the collaboration of permanent persons with complementary competences already present on the site.

Germany 

Since the early 1970’s, electronic-structure theory has developed to a high level in Germany. Other areas of quantum molecular science, such as molecular reaction dynamics and statistical mechanics, have remained underrepresented during this period. Since about the 1990’s, research in chemical dynamics has caught up with electronic-structure theory through the appointment of researchers which had partly been trained in the USA and Israel, for example. As elsewhere, we witness today a merger of electronic-structure theory, reaction dynamics and statistical mechanics through the development of the MCTDH approach as well as of ab initio on-the-fly simulation techniques or Car-Parinello and QM/MM methods. The development of program packages is also strong: MOLPRO is administered at Stuttgart, TURBOMOLE at Karlsruhe, ORCA at Bonn; MCTDH and MCTDHF are developed at Heidelberg and Potsdam/München respectively; the CPMD, ACES, CFOUR, DALTON and ChemShell codes have German contributors and the COSMO continuum model originates from Germany. 

Research in QMS is carried out at all German universities, at a few Institutes of the Max-Planck-Society and at one Institute of the Helmholtz-Gemeinschaft (FZ Jülich). 

There exist about 45 universities with chemistry departments in Germany. All these offer undergraduate as well as graduate (Master’s and PhD) programs. In most departments, theoretical and/or computational chemistry is represented by one full professor (chair). In some of the larger departments, there is an additional associate professor. In a few departments, theoretical chemistry is not (yet) represented by a chair, but by one or several associate professors. Overall, the number of faculty in theoretical chemistry has grown in recent years. The driving forces have been external evaluations of the chemistry departments as well as the widespread funding of special priority programs and of cooperative research through the Deutsche Forschungsgemeinschaft (Sonderforschungsbereiche, that is, local centers of excellence). Theoretical expertise turned out to be indispensable for successful cooperative research in chemistry.

The funding of research in Theoretical Chemistry is provided both by the universities (state funding) as well as by the Deutsche Forschungsgemeinschaft (national science foundation). Several of the research groups are quite large (> 15 people). The availability of state-of-the-art computing facilities has always been very good in Germany. A significant impediment for top-level research in Theoretical Chemistry in academic institutions is, however, the lack of a non-academic job market in Germany, in contrast to synthetic chemistry, physical chemistry and chemical engineering. As a result of the rather limited education in mathematics and physics and the lack of a non-academic job market, the number of chemistry students who can be inspired for theoretical research is relatively  low.  This can only partly be compensated by the influx of talented students from physics departments and/or from other countries. The percentage of foreign students and postdocs, in particular from Eastern Europe, China and India, has increased considerably in recent years. The interest of students  in computational chemistry, i.e. in the application of quantum chemistry in form of program packages to supplement experimental research,  is considerably larger. 

Since 1992 the interests of the Theoretical Chemistry community in Germany are taken care of by the “Arbeitsgemeinschaft für Theoretische Chemie” (AGTC). The governing board of the AGTC represents the academic community in scientific and educational matters, e. g.,  in negotiations with other academic societies, funding agencies, academic institutions and ministries of state. Together with the Theoretical Chemistry communities of Austria and Switzerland, the yearly “Symposium für Theoretische Chemie” (STC, the Theoretical Chemistry Symposium of the German speaking countries) has been taking place annualy since 44 years. The number of participants fluctuates between 200 and > 300, including an increasing number of participants from other European countries. Since 1999, the H. A. Hellmann prize is awarded to a junior scientist (below the age of 40) from the three German speaking countries. The H. A. Hellmann prize has proven highly beneficial for the professional careers of the awardees.

Switzerland
Academic research in the field of QMS is been carried out at almost all Swiss Universities and at both Swiss Federal Institutes of Technology “ETH” (ETHZ, EPFL). In addition, research institutions like the Paul-Scherrer Institute maintain groups with a focus on computational QMS. Small groups are also located in industry like Novartis or the IBM research lab in Rüschlikon. While research in the 1970s to late 1990s concentrated on quantum chemical methods, a large number of groups has been established in the new millennium with a focus on first-principles molecular dynamics. All relevant areas of QMS are quite well represented in Switzerland at the highest level compared to international competitors. Also software development is carried out to various extents. Noteworthy are two large quantum chemistry and first-principles molecular dynamics packages like CP2K and CPMD.

Many of the newly established groups are headed by young scientists and it can be expected that QMS will have a bright future in Switzerland. Job opportunities for young people in academia or research institutes are comparatively good. The excellent (general) job opportunities within Switzerland have not led to a pessimistic view of the field. On the contrary, many talented students can be found for sophisticated QMS theses projects.

The financial situation for theoretical groups is quite good. It is common to apply for large grants from the Swiss national science foundation. In addition to this, the annual budget and funds for personnel at Universities and especially at the two ETHs are excellent.  More funding can be raised by support of the (chemical) industry, through special funding programmes at the ETHs or via national research initiatives. Especially the latter are a good basis for regular meetings of people working in QMS in Switzerland. Moreover, quantum chemists and those working in related fields are organized in a branch of the Swiss chemical society (with regular 1-day meetings). In Zurich, a competence center for computational chemistry has been established comprising a very large number of groups from ETHZ, UZH and IBM. And, at the EPFL in Lausanne the CECAM workshops found a new home institution in 2008.

Computational chemistry and physics, especially in the field of QMS, are very well recognized by experimental groups in chemistry. These groups usually have a good expertise in computational techniques, they run own, quite-large computer clusters and are even involved in the high-level method development. There is no doubt in Switzerland that QMS is a true branch of intellectual endeavor rather than a supporting field of experimental research. The acceptance of QMS within chemistry is also reflected in the curriculum. Especially at the ETHs many courses teach students numerical algorithms, programming languages, methods of quantum mechanics and computational chemistry in practice. For instance, at the ETHZ already the first-semester course on General Chemistry introduces students to quantum mechanics (including the solution of the hydrogen atom and proceeding then to molecular orbital models for chemical bonding based on Hückel-type equations derived from Fock-like one-electron theories).

Of course, QMS in Switzerland must be embedded in the European research environment. Actions of the ESF are one excellent option for this though QMS appears to have currently no  such strong standing in this context. It would certainly be helpful if more COST-like actions could be granted instead of being rejected for non-scientific reasons. 

SOUTHERN EUROPE

Italy

Electronic-structure theory has a long-standing story in Italy and quite large research groups have been established since the seventies. Shortly after this period, other fields of quantum molecular science, such as reactive scattering and statistical mechanics have started to be developed in a few Universities. In recent years, large “historical” research groups are being supplemented by small delocalized groups concentrated on applications rather than on development. Although training of researchers in USA, Germany, and Scandinavian countries is quite large, their successive appointment in Italian Universities remains limited. At the same time, appointment of computational chemists coming from experimental groups (especially in the fields of organic and medicinal chemistry) is increasing. Furthermore, the merging of electronic-structure theory, reaction dynamics and statistical mechanics is much more limited than in other scientifically developed countries. The availability of state-of-the-art computing facilities is limited to a few universities and taken into account only at a marginal level by supercomputer centres, whose commitment is strongly oriented toward physics.

In the past, the theoretical and computational chemistry community in Italy was characterized by the presence of few and large research teams. In recent years, an evolution has taken place towards fragmentation into several small, geographically distributed teams, concentrating their activity on specific themes, often in close collaboration (when not fully integrated) with experimental groups. This trend could appear contradictory with the need of an integrated approach to the properties of complex systems (e.g. nanomaterials, biomolecules, etc.) which are at the heart of contemporary research in molecular sciences. This has stimulated the proposal to create chemistry-oriented geographically distributed networks, which could allow an effective integration both of computational resources and of specific high level skills.
The representation of theoretical topics in the curriculum of Chemistry programs is, in general, not congruent with the rapidly increasing importance of theoretical methods in contemporary research. In analogy with Germany, the Chemistry education in Italy is strongly biased towards the teaching of manual and synthetic skills.

The governmental financial support for research at Italian universities has been  - for many years- notably low, among the lowest in Europe.  

A major obstacle for the development of Theoretical Chemistry in academic institutions is the lack of a non-academic job market in Italy, in contrast to synthetic chemistry, physical chemistry and chemical engineering. Considering this situation, combined with the  inadequate education in mathematics and physics, the number of chemistry students who show interest in  theoretical research is rather low. This is only marginally compensated (in a few Universities) by a small number of talented students coming from physics departments.

The interests of the Theoretical Chemistry community in Italy are taken care of by the Physical Chemistry Division and the Interdivisional Group of Computational Chemistry of the Italian Chemical Society (SCI). However, in the first case experimentalists and theoreticians are mixed together, and in the second case the effective power is marginal. The creation of a Theoretical and Computational Division of the SCI is presently going on. Together with the Theoretical Chemistry communities of French, Spain, and South America the yearly Symposium of Latin Speaking Theoretical Chemists has been organized since 40 years. 

Spain

There are 69 Universities (47 public, 22 private) in Spain. The total number of students is about 1,420,000. Thirty six of these Universities offer a Degree in Chemistry (most of them public). The number of students demanding the Degree in Chemistry has decreased in recent years. Nowadays, about 3,000 new students start Chemistry in any of the Universities offering the Degree.

 At least 25 Universities have research groups working in Theoretical Chemistry. Most groups have about three to four members, few have 10 or more.  In addition, some other theoretical groups belong to the “Consejo Superior de Investigaciones Cientificas (CSIC)”, the Spanish National Research Council. Theoretical Chemistry is relatively strong in Spain compared to other chemical areas, both in number of groups and in research activity (number of publications in international journals). Research is undertaken in a broad field of QMS, but dynamics and reactivity have always been  an important part.  In spite of its good reputation in the country the number of students pursuing a Doctorate in Theoretical Chemistry is now in general small and decreasing.

There is a Consortium of 17 universities which offers a joint Master/Doctorate in Theoretical and Computational Chemistry. An intensive course is organized each year by a different University. The average number of students in the Master has decreased in recent years. Now, about 15-20 students participate every year.

Some of these researchers belong to the Division of Atomic and Molecular Physics (GEFAM) of the Spanish Royal Society of Chemistry (RSEQ). A total of 110 members belong to the GEFAM. Every two years an International Conference on Electronic Structure: Principles and Applications (ESPA) is organized in Spain, with a significant participation of researchers from abroad. It is now in its sixth edition, with an average participation of about 200 researchers.

Greece

Research in QMS is carried out at  the universities in Crete, Patras, Athens, Ioannina, Thessaloniki and the National Technical University of Athens. In addition at  three  Research  Centres:  at the Institute of Electronic Structure and Lasers of the “Foundation for Research  and Technology Hellas” (IESL/FORTH) in Heraklion (Crete), at the Institute of Theoretical and Physical Chemistry of the “National Hellenic Research Foundation” in Athens and at the “National Centre for Scientific Research “Demokritos” (NCSR Demokritos) in Athens.

Electronic structure calculations are undertaken at all  of the research institutions, Molecular Dynamics  and Molecular Simulations primarily at Crete, Patras  and NCSR. Research in material science is strong in Crete and NCSR  and work on solid state and condensed phase chemistry is mainly carried out at Crete, Thessaloniki and Ioannina. Starting around 1980 there was a significant development in Physical Computatioal Sciences due to the availablility of medium-sized computers. 

The financial support by the country is considered “poor”. Most of the research funds come –explicitly or implicitly – from the European  Union, with all difficulties known  in applying for those  funds.  

There are limited job possibilities in Theoretical and Computational Chemistry and so the number of student in the field is relatively small. QMS is taught  within the chemistry curriculum at all the universities.  

No special networks exist  to support  the field, which is visible and well established  in the concert of the other chemistry areas,  but without  special glamour. Organizing  (and financing) of events such as  conferences, workshops or schools in Greece  would definitely be helpful  to make theoretical/computational  chemistry more attractive and demonstrate better  the  broad applicability of the field.  

AFRICA

Northern Africa as a region
The chemists in QMS in northern Africa are a community of about 250 persons with permanent jobs in this field.

Morocco
There are 13 universities in Morocco and in each university there is a group of quantum chemists, i.e. about 80 persons have a permanent job in theoretical/computational  chemistry. (Rabat, Marrakech, Casablanca, Fes, Meknes, Agadir, Errachidia, Mohammedia.). The oldest group is in the University of Rabat where the laboratory of theoretical chemistry was created in 1972.The research is  focused on applications of organic chemistry reactivity, structure elucidation in material sciences, biochemistry, solid state, spectroscopy and molecular dynamics in collaboration with experimentalists. Quantum Chemistry is used mostly as another analytical tool for experimentalits. Programs development is almost not performed, the researchers use the user friendly black box programs existing on the market: GAUSSIAN, GAMESS, MOLPRO. The most used methods are DFT and semi-empirical methods for large systems and ab-initio (CASSCF, MRCI, CCSD.) for smaller systems.The collaborations are mostly with France and Maghreb countries.

The funding is very weak in this domain, coming mostly from the university. The CNRST (the government institute of research) can also financially support projects (almost only projects associated with expe riments are chosen). There is also very weak support for sending students and researchers to attend international conferences.

Since forty years Quantum Chemistry is taught in all the universities as a basic matter in the chemistry curriculum. Since the  Bologna LMD system was adopted in 2005, the program of quantum chemistry has shrunk and the education of students suffers from the weak   mathematics and physics background. The number of students choosing theoretical chemistry for their doctorate decreases for this reason. .After graduation, these students are mostly employed in universities or government laboratories,  seldom  in the industry. 

The  Moroccan Theoretical Chemists Association (AMCT) organises every year a meeting (national or international conferences, summer schools) for senior students and researchers in order to complete their education and in order to popularise this domain among the scientific  academic and industrial community. Researchers from Algeria and Tunisia are always invited.

The situation in Algeria and Tunisia is almost the same.

Tunisia
There are three groups in Tunis and groups in Monastir, Sfax ,Gafsa and Bizerte (about 60 persons with permanent jobs in this field) are working in the same way as in Morocco with collaborations with France, Germany and Maghreb countries.

Algeria

There are groups in  Oran+Tlemcen, Alger and Constantine, i.e. about 80 persons with permanent jobs in theoretical/computational chemistry, using for their research ab-initio,  DFT and semi-empirical methods for studying organic, organometallic, biomolecules and solid state systems. Some groups are also interested in molecular dynamics and chemical reactivity (QSAR).

South Africa

The leading groups in the field are at the Universities of Capetown,  Stellenbosch, Limpopo, the University of the North-West, of Kwazulu Natal, of Pretoria and of the Orange Free State.  The dominant scientific area is computational chemistry, studying molecular conformations and reactions, based on  programs like GAUSSIAN, GAMESS, VASP and CHARM.  A number of experimental groups use “modelling” to assist their spectroscopic, synthetic and crystallographic research efforts.  There is also one strong industrial group which makes the R&D computational support for South African’s leading petrochemical company.  

The financial support is sought from various sources: computationally-oriented  chemistry can obtain funding from the chemical industry in South Africa such as SASOL, Anglo American or from the Council for Scientific and Industrial Research (CSIR). Government funds are available via  the National Research Foundation (NRF) and the Medical Research Council (MRC). Possibilities for external funding are the European Union (FP6 programs) or NIH in the USA.  There are also various international linkage programs with countries such as India, Sweden, France, UK.  The National Department of Science and Technology  has established the South African Research Chair in Scientific Computing, and the present chairholder is a theoretical/computational chemist.   
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