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Special Scientific Report #97-05 (February 19, 1997)

The following report was prepared by Dr. Shulamith Schlick, Department of Chemistry, University of Detroit Mercy, 4001 W. McNichols Rd., P.O. Box 19900, Detroit, MI 48219-0900.  Dr. Schlick recently completed a four month research visit to the Department of Polymer Chemistry of the Tokyo Institute of Technology (TIT), Ookayama, Meguro-ku, Tokyo 152, Japan.  At TIT, Dr. Schlick worked collaboratively with Professor Isao Ando.  Dr. Schlick received an NSF-Center for Global Partnership (CGP) Fellowship to support her visit to Japan.  Dr. Schlick has returned to the U.S. and can be reached via email at: schlicks@udmercy.edu

Magnetic Resonance Imaging of Swollen Polymer Networks

I. INTRODUCTION
I arrived in Tokyo on 17 October 1996, for a four-month stay in the laboratory of Professor Isao Ando, at the Department of Polymer Chemistry, Tokyo Institute of Technology (TIT). The NSF/CGP fellowship provided living and travel expenses, while the expenses related to research were the contribution of the local lab.

The stay in Tokyo was part of my sabbatical year 1996/97, a period I expected to be most productive in terms of research and scholarly activities. For this reason, the main objectives during my stay in Japan were: to maintain from Tokyo open communications with my lab and collaborators in the US and Europe; to complete an important paper and to revise as needed 3 papers that were in the process of review; to be involved in science and with scientists in Japan; and most importantly, to assess the feasibility of the research plan I proposed to NSF.

I brought with me to Japan my own samples, ample files, a powerful laptop, and the support of an extensive network of students, and collaborators; and of my family (husband who stayed behind, 3 grown daughters). The NSF/Tokyo office also offered their support. With the Japan Handbook and the Tokyo Bilingual Atlas in my pocket, I was ready to go!

II. LOCAL ARRANGEMENTS

Housing. Professor Ando reserved for me a room at the International House of TIT in the housing for singles: »15 m2 including cooking corner and bathroom, and no telephone. The housing complex is 5 min away from the lab, a big advantage. The biggest mistake was not having a phone installed. In the beginning I did not realize the problems involved with phone connection in Japan; later, when I understood, I thought it's not worth the trouble for a short stay. But when I caught a nasty cold during the New Year break and needed help, it was tough. So my advice, especially to visitors living alone: first thing get a phone, mobile or stationary. 

I had the privilege of a large office, with a big desk, 2 couches + coffee table, a pot to make tea, a Klimt on the wall, and a lot of TLC from the secretary and from my colleagues, who provide me daily with their continuous attention. If only I could take the office (and the TLC!) home with me.

Working Tools. The lab provided me with a Mac for e-mail, and the e-mail system at TIT. There was no documentation in English and I needed a lot of help simply to decipher the Japanese characters that frequently appeared on my screen, especially the questions that required immediate action. Salvation came a few weeks later, when the e-mail package Eudora Light, complete with a manual in English, was installed on my system: I was independent! It's a very nice package, and allows corrections to messages, a feature the TIT system does not have.

Because I planned to do lots of writing, printing was essential. In the beginning my files (written in WordPerfect or Word for Windows and DOS) were incompatible with the software used in the lab; it was possible to get a hard copy after several text translations, but lots of symbols in text and graphics were lost. After much heartburn and deliberations, Professor Ando decided to buy an HP printer and to connect it to my laptop. So after several weeks I had all I needed to do my work. 

III. RESEARCH
The Setting. The research group of Professor Ando consists of the chair professor, an associate professor, a research associate and 24 students: a large group. Of the students, 8 are undergraduates (all at TIT are required to take research), 11 MS students and 5 doctoral students. The group has expertise in NMR techniques: solid state NMR, diffusion measurements by field-gradient NMR, and NMR imaging (NMRI), and is currently applying these methods to the study of swollen cross-linked polymer gels, liquid crystals and polypeptides. The overlap with my research interests is extensive and important, as I study diffusion by ESR imaging (ESRI) and polymer gels by spin probe ESR and simulations. The complementarity and overlap of the research interests were full of promise.

I participated at meetings of the Gel Group, and the NMRI Group. Because of my presence, the meetings were held in English, a big challenge for some of the students. For this reason not all group meetings were in English. But those meetings that I did attend were very interesting and the discussion was lively and stimulating. Life in the lab is dictated by the Academic Calendar, and in December and early January the students were under great pressure to complete their experiments, and to write and defend their theses, so there was less opportunity to discuss ongoing research. I participated at the beginning of one doctoral defense, to see how it is done in Japan.

Facilities and Experiments. The group has the use of 2 NMR spectrometers: a high resolution 500 MHz spectrometer, and a solid state 270 MHz spectrometer, both from Jeol. The students work around the clock and are given 8-hr blocks of time, but even so there is intense pressure for time on the spectrometer. "Scheduling" is an important weekly event and the schedules are posted on Fridays. All names are written in Kanji except mine, so it was easy to check if I had time on the spectrometer. Usually I had one day of measurements each week, and towards the end of my stay I was favored, and had two.

Results and Future Plans. Soon after my arrival, Professor Ando and I discussed the research, and outlined a plan to study multicomponent diffusion in cross-linked polysioprene as a function of the degree of cross linking. The idea was to analyze the effect of the solvent-solvent and solvent-polymer interactions on the transport of the solvents. To start, we chose a pair of "good" solvents, benzene and cyclohexane; we compared diffusion of the pure solvents, of each solvent in the solvent mixture, and then the effect of the network on the transport properties. The most important, and unexpected, result so far was that the interaction between the two solvents is crucial and must be taken in consideration in the ternary system polymer/solvent 1/solvent 2. By chance, we started to study a solvent composition that was very close to the azeotropic composition, where the interaction between the solvents is maximal (beginner's luck!). This interaction is not specifically taken into account in the case of transport in polymeric systems, and I believe that our findings will echo through the polymer literature. 

In late January 1997 we started to measure by NMRI the concentration profiles of the solvents as a function of time during the swelling process. In contrast with normal sorption experiments, which provide "global" information on the total amount of solvent that has penetrated the polymer, NMRI can provide separate data for each solvent; such information makes possible the quantitative assessment of how diffusion of one solvents affects that of the second solvent. 

In all my work in the lab I was fortunate to work together with and to get lots of help from Shingo Matsukawa, a recent Ph.D. (he defended in January 1997). He knew the lab and the spectrometer very well, understood the theory and my plan of research, and was fluent in English. Our long hours at the spectrometer were an opportunity to discuss science, careers in science and the many facets of living and doing science in Japan.

Four months are not sufficient to complete a research plan, especially an ambitious one. Therefore, before I leave, we will sit down and plan how to continue the research. The present plan calls for a new student who will join the group in March 1997 to continue these studies as part of his thesis research. 

IV. TRAVEL IN JAPAN 

In November 1996 I visited the DuPont-Mitsui Technical Center in Chiba; we have a collaboration and they provide us with ionomer samples prepared using a method developed in their lab. In December 1996 I had the opportunity to visit and lecture at Kuraray Co. in Kurashiki, Kyoto Institute of Technology, Nagoya Institute of Technology and Gifu University. In January 1997 I have addressed the graduate students (all female!) and the faculty at Japan's Women University, and had the chance to discuss an important topic to us: women in science in Japan and US. Later in January I visited the Institute for Life Support Technology, Yamagata Technopolis Foundation; this lab has expertise in ESRI, a field that is being developed in my lab, and represents a new way of doing science, different from either academia or industry. And in February, I spent three days at Hokkaido University in Sapporo.  I was very impressed by the on-going research and by the new buildings and equipment of the Faculty of Science and of the Faculty of Engineering.

V. CONCLUSIONS 

I consider my stay in Japan a great privilege. First of all, nothing comes even close to the excitement of starting new research using a completely different technique, trying to see what the questions are, then go for the answers. In addition, during my stay in Japan I have renewed old friendships with Japanese scientists, and made new ones; I expect my collaboration with Japanese scientists will continue. 

I delighted in Tokyo and its cultural treasures (including a full 5-hour Kabuki play; an afternoon at the hatsu-basho, Ryogoku Kokugikan-Sumo Stadium; and Ikebana lessons at the International House), the Tokyo surroundings (Kamakura, and Hakone-Mt. Fuji area), and other parts of Japan; and developed a liking for sushi and haiku. Of course, the energy required was enormous, as I tested again and again my ability to handle new conditions, new ways of doing science, new personalities, and new and different living conditions; and my energy to do all I wanted to do.

I am fortunate that all this was possible.



