
The International Union of Crystallography African Post-Graduate Programme in Crystallography (APPCr)

Summary

The IUCr is applying for ICSU support of its African Post-Graduate programme for 2004 to 2008. This programme forms a part of the ‘IUCr Africa initiative’, started in 1996, which aims to build sustainable capacity in this interdisciplinary science. It involves the IUCR, South African Crystallographic Society, National Research Foundation, at least two South African Universities and one university in Kenya. A total of $82,000 over a five-year period is being requested from ICSU to supplement the IUCr grants toward the programme.

1.  Outline of proposed activity
1.1. Background

Crystallography is well established in South Africa, with centres at the University of Cape Town and University of the Witwatersrand having been in operation since the 1930’s.  Today, there are crystallographers active at these two universities as well as at the University of Natal, University of Stellenbosch, Rand Afrikaans University and University of Pretoria.  The recent installation of a rotating anode/image plate diffractometer suitable for protein crystallography at the University of the Western Cape (February 2003) will enhance the capacity in South Africa in this important component of crystallography. Research abilities in the area of materials science and solid-state chemistry were also advanced with the installation of high-temperature and high-pressure attachments to the diffractometer at the University of the Witwatersrand.

In 1996 Professor Jan Boeyens (University of Witwatersrand, Johannesburg, South Africa) joined the Executive Committee (EC) of the International Union of Crystallography (IUCr) and proposed that a crystallographic network should be set up in the southern part of Africa and he offered to be the coordinator. The EC and the IUCr agreed with this proposal and decided to provide financial sponsorship to the Africa Initiative in Crystallography (AICr). They also agreed that Professor Boeyens had a free hand to start the proposal in a direction that appeared to be most productive. 

On the basis of these decisions Professor Boeyens established the African Affiliated Centre (AAC) for the use of the Cambridge Structural Database (CSD) in Africa and, secondly, arranged that an excellent and active experimental facility could be set up at the University of Nairobi, Kenya.

This first activity, the AAC of the CSD, was sponsored by the Cambridge Crystallographic Data Centre (CCDC), the South African National Research Foundation (NRF) and the IUCr. Groups from all over Africa have free access to the database through the Centre. 
The other achievement was the UNESCO-sponsored transfer of a generator and single-crystal XRD cameras from the CCDC to Nairobi, where it is now working well. The CCDC is delighted that the instrument, which was no longer being used by the CCDC, has found a new lease of life for primary research activities in Africa (Africa, with its many unknown natural products, is an ideal destination).

After the successful installation of the single-crystal facility in Nairobi, there was a strong scientific reason to extend the facility with powder diffraction equipment. A Debye-Scherrer powder XRD camera was donated by the University of the Witwatersrand, and installed by the local technician in Nairobi with the assistance of Professor Boeyens and Robert Bogadi (an MSc student from the University of the Witwatersrand). This initiative has been strongly supported by crystallographers in South Africa, and has included staff training programmes for lecturers from Kenya, Zambia, Lesotho, Nigeria and Zimbabwe (hosted by South African Universities named above)

In Nancy, France, August 2000, the EC of the IUCr evaluated the results very positively and also reviewed possible extensions of the programme. The EC decided to ask Professor Boeyens to continue the programme and to concentrate within the AICr on three major projects:

(a) AAC. The already very well established AAC of the CSD is a success and should continue. It is a great advantage that the African scientific world has access to the 3D structural data (especially the most recent) of molecules and crystals. This will enable 3D atomic and molecular studies of high quality to be made.

(b) CrEA: Crystallographic Equipment in Africa. The successful set-up in Nairobi should have a follow-up in other countries in Africa. 

(c) APPCr: the African Post-Graduate Programme in Crystallography. As a matter of course the Africa Initiative should have a firm knowledge base. Therefore the EC agreed  to establish a Post-Graduate Programme in Crystallography to ensure that this knowledge base continued to grow and be an important part of capacity building in southern African countries.  

It is for the latter programme that we now seek ICSU support.

No science network will be successful without a knowledge base. In general, knowledge is concentrated in people working in universities. Therefore if we want a strong crystallographic network in Africa we should concentrate on the knowledge of people. The PhD-programme will enable capacity building in crystallography by sponsoring PhD positions for promising students from countries in southern Africa.  These positions will be in collaborating Universities in South Africa.  On completion of their studies, the students will return to their home countries as graduates.  This will strengthen the AICr-network in two ways: more knowledgeable scientists, and, equally important, scientists who have good scientific connections in a country with a well established crystallographic community.

The South African crystallographic groups are very enthusiastic about this programme and happy to cooperate.  The IUCr EC are committed to providing up to USD 30,000 over a five-year period to support two PhD students and are convinced that with additional financial support a lively and sizeable Post-Graduate Programme can be established.
1.2 Relevance to ICSU’s priority themes for 2004

The proposed programme fulfils the major criteria for funding by ICSU in that it:

· Implements a partnership between an International Scientific Associate and national bodies;

· Involves scientists from several different countries;

· Prepares young scientists, including a significant proportion of women, for careers as researchers in both the academic and industrial sectors ;

· Promotes capacity building specifically in an area of scientific education (crystallography is an ideal field in that it encompasses chemistry, physics, geology and materials science)

1.3 Significance

The establishment of a formal programme for training African scientists will be a significant boost to African science in several respects:

· It would reduce Africa’s dependence on European and North American researchers, and empower African scientists to find solutions to Africa’s problems.

· It would create opportunities for a comprehensive, collaborative approach to interdisciplinary research projects between scientists in South Africa and other African countries.

1.4 Project Goal

The immediate goal is to establish a fund to sponsor students coming from African countries with no crystallographic expertise to complete MSc and PhD degrees in South Africa, where such expertise exists.  Once they graduate, students will be required to return to their home countries where, with the aid of the CrEA programme, they will be assisted in establishing centres of crystallographic expertise.

1.5 Beginning and end dates

Funding is being sought from 1 January 2004 to 31 December 2008.

2.  Budget
	2004
	2005
	2006
	2007
	2008
	2009

	MSc
	MSc
	PhD
	PhD
	PhD
	

	MSc
	MSc
	PhD
	PhD
	PhD
	

	
	MSc
	MSc
	PhD
	PhD
	PhD

	
	MSc
	MSc
	PhD
	PhD
	PhD

	ZAR 100 000
	ZAR 200 000
	ZAR 220 000
	ZAR 240 000
	ZAR 240 000
	ZAR 120 000

	US$ 10 000
	US$ 20 000
	US$ 22 000
	US$ 24 000
	US$ 24 000
	US$ 12 000


Support for MSc students will be set at ZAR 30 000 (plus ZAR 20 000 for laboratory expenses)

Support for PhD students will be set at ZAR 40 000 (plus ZAR 20 000 for laboratory expenses)

The South African currency is prone to large fluctuations with respect to the US dollar.  An exchange rate of ZAR10 = US$1 has been used in this calculation.  

The IUCr has approved the award of US$30 000 so the total requested of ICSU is US$ 82 000. 

3.  Work plan 

Although the intention is to support students for the PhD degree, experience has shown that students from southern African countries may require a more intensive course to “catch up” technical knowledge that they have not gained in their undergraduate degree.  In some cases, students may benefit from attending Honours courses or from taught Masters courses (1 year of coursework followed by a shorter dissertation taking 6 months to 1 year to complete) before registering for the PhD.  The University of Cape Town offers an MSc in Chemical Crystallography over 2 years and a joint MSc programme in Structural Biology is offered by the University of Cape Town and the University of the Western Cape, which would be appropriate for students with an interest in the Biological Sciences.   A student who successfully completes an MSc in two years will be eligible to continue to a PhD for a further three years.  In some cases, scholarships for the PhD may be available from the NRF or other sources.

3.1 Recruitment

The scheme will be advertised widely, making use of existing contacts between universities in South Africa and other countries, as well as the internet.  Only students from developing countries are eligible to apply, and the recruitment of women will be a specific focus.

3.2 Operation

Applications from prospective students will be collated and considered by a committee consisting of crystallographers from at least three universities, one research or industrial centre and the NRF.  Students will be matched with supervisors according to their interests and the capacity of the supervisor to accept further students.

Funds for this programme will be administered by the National Research Foundation and the International Student Offices of the respective universities.

Examination of the students’ dissertation (in the case of a coursework MSc) or thesis (for PhD) will be according to the rules of the relevant university.

3.3 Key staff 

See Appendix 1: Curriculum Vitae of Key Staff

In the first phase, students would be assigned to study at UCT or Wits.  It is anticipated that further universities will become involved in later stages of the APPCr programme.

Key staff at University of Cape Town (Department of Chemistry):

Professor Luigi Nassimbeni has a background in Physics and Chemistry, and has many years of crystallographic experience.

Professor Mino Caira is engaged in research of the encapsulation of pharmaceutically active compounds in cyclodextrins and the characterization of the resulting compounds in solution (by NMR, UV-visible spectrophotometry) and in the solid state (by powder and single crystal X-ray diffraction)

Associate Professor Susan Bourne currently works on the structural elucidation of molecular network architectures derived from hybrid organic-inorganic building blocks.  She will be teaching the fundamentals of crystallography course in the new MSc (Structural Biology) programme (jointly run by the University of Cape Town and the University of the Western Cape. 

Key staff at University of the Witwatersrand (Department of Chemistry):

Associate Professor Demi Levendis is investigating the thermal and photochemical solid-state reactivity of crystals in relation to their phase transformations and polymorphs. He currently heads the Structural Chemistry Laboratory at the University of the Witwatersrand, which is the National and African Affiliated Center for the CSD and provides several crystallographic services to Southern African universities. Mr. Manuel Fernandes, a research associate in the School of Chemistry, University of the Witwatersrand, runs the single-crystal service there, and is also responsible for the CSD, the mirror of the IUCr web site and the SACrS and ECM21 web sites that the Structural Chemistry laboratory hosts.

Dr Dave Billing is currently researching the crystal chemistry and engineering of various amine salts by means of single crystal and powder X-ray diffraction methods, as well as thermal methods as and when appropriate. The use of Rietveld refinement techniques (X-ray and Neutron) in Materials Chemistry is also under investigation.

3.4 Resources

There are currently sufficient resources at both universities to allow the programme to begin operation at once.  The University of the Witwatersrand has a Siemens SMART diffractometer while the University of Cape Town has a Nonius Kappa CCD diffractometer.  Both institutions are equipped with medium-resolution powder diffraction facilities and have access to the neutron diffraction facility housed at the South African Nuclear Energy Corporation (NECSA).  Appropriate laboratory and computing facilities are available at both universities.

4.  Expected outcomes
In the short term it is expected that 4 – 5 students will graduate in each of the 3rd to 4th year of the programme.  In the medium term, some of these students are expected to enter into crystallographic research in their home countries.  In the long term, the emergence of crystallography as a sustainable field of scientific research in Africa is anticipated.  

On completion of their studies, students will 

· Have a thorough understanding of the theoretical basis of the techniques of crystallography

· Have practical experience in determining crystal structures using X-ray and/or neutron diffraction methods

· Have an understanding of the scientific context and the major questions to which crystallography can provide answers

· Be able to use advanced computer technology in a variety of roles including the extraction of structural information from the Cambridge Structural Database, analysis of complex data and the elucidation of crystal structures

Students will contribute to publications in the field of crystallography (applied to problems in chemistry, physics, geology or materials science) 

Involvement of women

At least one woman (A/Prof Susan Bourne, UCT) will play a key role in the programme.  Female students will be identified wherever possible and encouraged to participate in the programme.

5.  Assessment of potential follow-on action

Evaluation of the programme will be carried out by assessing the success of the programme against the following criteria:

· Were adequate steps taken to recruit students, especially women, into the programme and were they successful? (It should be noted that only students from developing countries are eligible)

· Were the students adequately taught and supervised during their studies?

· Were the research projects available to the students appropriate to their educational needs and to the development needs of their home countries or South Africa?

· Did the students achieve an appropriate standard?

· Were adequate steps taken to ensure the sustainability of the programme beyond the support period?

If judged successful, the programme should continue, and be extended to involve research groups active in other institutions in South Africa.  The development of a crystallographic network involving several African countries will contribute to the ongoing sustainability of this programme.
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