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ABSTRACT 

Twenty-eight (28) faculty researchers focused on High Energy Particle Physics, Novel Thin Film Materials for 
Optoelectronic Applications, and Catalytic Processes for Energy Sources and Environmental Detoxification to address 
problems cited as priorities by the DOE and local agencies, The High Energy Particle Physics cluster has DOE- 
competitive funding and the number of cluster investigators who have competititve mainstream funding has increased 
from 2 to 13 since the inception of the program. In this reporting period, 8 postdoctorals, 38 graduate students and 23 
undergraduates were involved in DOE projects and 191 publications and 238 presentations were generated. The UPR- 
Arecibo Integrated Science Multi-Use Laboratory provided workshops and other activities that directly impacted 360 
teachers and 600 students and indirectly impacted over 25,000 through the enhancement of teachers’ skills and 
knowledge. 



1. Executive Summary 



The Puerto Rim Department of Energy Experimental Program to Stimulate Competitive 
Research (PR-DOE/EPSCoR) was initiated on 30 September 1994 for a two year period, 
renewed for a third year in July 1996 and renewed again in September 1997. Three research 
clusters with a total of twenty-eight (28) faculty researchers focused on High Energy Particle 
Physics, Novel Thin Film Materials for Optoelectronic Applications, and Catalytic Processes for 
Energy Sources and Environmental Detoxification and worked towards innovative solutions to 
problems of national Department of Energy priorities, as well as those of local needs. In this 
reporting period the program mahtained a strong student research participation, with eight (8) 
postdoctorals, thirty-eight (38) graduate students and twenty-three (23) undergraduates directly 
involved in the project and still more worked on related projects. Student participation will 
assist in providing future human resources for Puerto Rim to address energy-related issues. The 
participation of individuals ranging fiom senior level faculty to undergraduate students has 
strengthened research opportunities at dl levels in the higher education institutions in Puerto 
Rim. 

In addition to graduate and undergraduate education opportunities, PR-DOE/EPSCoR has 
developed an active Human Resources component to promote scientific literacy and motivate K- 
12 students to pursue scientific careers. A collaborative program with the Puerto Rim 
Department of Education to send researchers to junior high and high school classrooms to 
explain their research and their role as scientists was well received by teachers and students. 
Curriculum development was also an important means of stimulating more students into careers 
as scientists. An Integrated Science Multi-Use Laboratory, fimded under this grant, was 
constructed on the Armio campus of the University of Puerto Rico. It has had and continues to 
have a significant impact on curriculum development by allowing teachers to develop (with 
guidance) their own instruction materials. Workshops were and are held on a continuing basis 
and teacher/student/faculty response has been positive, with activities directly impacting 360 
teachers and 600 students and over 25,000 indirectly through the enhancement of teachers’ skills 
and knowledge. 

PR-EPSCoR played and continues to play a central role in the creation and operation of B 
Science and Technology Authority in Puerto Nco. Dr. Manuel Wmez, Project Director of PR- 
NSFEPSCoR and Co-Project Director of PR-DOE/EPSCoR, helped to create the New 
Economic Development Model as a blueprint for achieving competitive high tech industrial 
development on the island. Two focal points of the New Economic Development Model tire 
human resources development in Science, Engineering and Mathematics (SEM) and 
advancement of an R&D base connected to high tech industrial growth. In 1995, the 
Commonwealth Government established a Council for the Development of Science and 
Technology Policy that has members fi-om academia, industry and government as the source of 
broad policy for scient& research and development in Puerto Rim. The Council was developed 
with the active participation and leadership of PR-EPSCoK and the President of the University of 
Puerto Rim. In 1996, the Governor of Puerto Rico signed the Science and Technology Policy for 
Puerto Rico written by the Council. 



2. Management and Coordination 



INTJXODUCTION 

Puerto Rim-Department of EnergyExperimental Program to Stimulate Competitive Research 
continues towards it goal to establish a permanent presence of energy-related research in Puerto 
Rico through the development of a productive environment for the achievement of national 
standards of excellence in energy-related research. PR-DOEJEPSCoR is having a profound 
impact on the advancement of Science, Engineering and Mathematics (SEW research on the 
island. The effect was achieved through the coherent development of three research clusters of 
excellence which serve as the foundation for energy*related research and the development of 
human resources in energy research, thus transforming the past state of fi-agmentation and lack of 
significant activity in this area. Participating academic departments have been noticeably 
strengthened, particularly through the increased availability of research opportunities for 
undergraduate and graduate students and through the enrichment of curricula by incorporating 
eneqy research into existing courses and developing new courses in energy-related areas. The 
substantial commitment of the DOE and University of Puerto Rico resulted in the purchase of 
over $500,000 in permanent equipment that-* have a lasting effect on the research community. 
In addition, PR-DOEEPSCoR played and contiflues to play a significant role in increasing the 
numbers of minority students graduating with Ph.D.s in SEM, with the rate moving &om tin 
average of 12 to 26. 

The Commonwealth of Puerto Rico, a 3,450 sq. mile island with EL population of 3.8 million 
Hispanic Americans has an average population density of over 1000 people per square mile, but 
the number of individuals per square mile in the San Juan metroplex is much larger. Demand for 
electricity in Puerto Rim is expected to be nearly 3,300 MW in 2004. To meet fiture demands 
for energy, the Puerto Rico Electric Power Authority (PREPA) which currently relies on 
imported oil to produce up to 99% of the electricity consumed, will require the development of 
other low-cost and environmentally sound energy alternatives. The island's capability for 
addressing these energy needs will be crucid for its future economic development. The island's 
economy has been transformed drastically during the past four decades, as agrieultural-based 
production has given way to high tech industries, mostly comprised of pharmaceutical, 
electronicdcomputer and medical technology companies. 

PR-DOElEPSCoR ConstifUtes a major component of the strategy to achieve the Commonwealth's 
goals for building its scientific base by strengthening the capability of the island's graduate level 
research universities. The program has stimulated strong student research participation, with 
eight (8) postdoctorals, fifty-eight (38) graduate students and twenty-three (23) undergraduates 
finded in the project, and still more working on related projects through other funding. PR- 
DOEIEPSCoR also developed an active Human Resources component geared towards the 
promotion of s c i w c  literacy and motivation towards scientific careers at the K-12 level. This 
participation will help supply Puerto Rico with the human resources for dealing with energy- 
related problems. Three research clusters @@I Energy Particle Physics, Novel Thin Film 
Materials for Optoelectronic Applications, and Catalytic Processes in Energy Sources and 
Environmental Detoxiiication) were established with a total of 28 fawlty researchers, 13 of 
whom now have competitive finding. The establishment of the research clusters together with 
active student participation led to significant scientific and technical accomplishments. Over 300 



publications in refereed journals and nearly 400 presentations in national and international 
fotums have resulted firom PR-DOEEPSCoR researchers since the inception of the project, with 
191 publications and 238 presentations having been generated in this reporting period. The 
University of Puerto Rico committed $6.0 million (cash) for the development of the PR- 
DOEEPSCoR during the 1994-2000 period. This is in addition to in-kind contributions such as 
release time, equipment maintenance and support personne1.wmplishment 

Highlights of PR-DOElEPSCoR 

Listed below are some of the most notable accomplishments &om 1994-2000 that have had a 
significant impact on the development of energy-related science in Puerto Rico. 
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Establishment of three research clusters, comprised of 28 research faculty, focused toward the solution of 
enefgy-related problems of national and local interest; one of these clusters (High Energy Particle Physics) 
has DOEhmpetitive funding to continue; the other two have not been funded as rex&& clusters but 
m y  of the researchers have received competitive funding to continue work initiated under DOFdEPSCoR; 

Publication of 300 refereed journal articles since the inception ofthe project that ate direclly attriiutable to 
PR-DOWEPSCOR funding, fiubrmore, the percentage of DOE-related papers coming out of these 
research groups has been sign%cautly enhanced, clearly demonstrating a presence for energy-related 
research in Pueito Rim; 

Cnxtiorl of a Science and Technology Authority in Puerto Rico that bas developed a Science and 
Technology Policy for the Island that was signed by the Governor, 

M a t i o n  ofa Hign Energy Particle Physics laboratoq facility in Puerto Rioo; the Puerto Rcan team bas 
taken a leadership role in the planning and development of new experiments at Fermilab; 

Active involvement of over 75 graduate students, and 40 undergraduates in energy-related m h ;  

Increased collh~rations, at all levels, with the Department of Energy National Laboratories; several UPR 
faculty are publishkg regularly with National Lab researchers; 

Held a workshop for representatives of National Laboratories to meet with research pers~nnel in Puerto 
Rim; this led to the development of stronger research oollaborations for both EPSCoR and non-EPSCoR 
universitytkul~ 

Cmtion of the Integrated Science Multi-use Laboratory for Teacher Training at the Arecii University 
College; this facility has continued to receive accolades from many sectors as a National model for teacher 

fncreasc in the amount of competitive funw to PR-DOEIEPSCOR researchers; 13 oftbe 28 researchers in 
DOEEPSCoR now have co mainstream funding, whereas only two of them did at the inception of 
the FrOgram. 

MANAGEMENT AND COORDINATION 

Due to the large size and complexity of the PR-DQElEPSCoR, the managemefit structure must 
be well-organized and efficient to optimize efforts and achieve synergy in the program. The 
Project Director, Dr. Brad R Weber, Professor of Chemistry in the College of Natural Sciences 
of the €30 Piedra Campus, assured the effective implementation of the plan and the achievement 
of the objectives, providing leadership for the PIS of the thke research clusters and working 



closely with them on the achievement of their strategic objectives. The Project Director 
responded directly to the President of the University of Puerto Rico, thus asswing the support of 
the top executive official of the University System. Dr, Manuel Gomez, Co-Project Director of 
PR-EPSCoR, Director of the Resource Center for Science and Engineering (RCSE) and 
Professor of Physics at the Rio Piedras College of Natural Sciences, and Dr. Angel Lopez, fiom 
the Department of Physics of the Mayaguez Campus, served as Co-Project Directors for the 
DOE/EPSCoR and worked with Dr. Weher in implementing the research and human resource 
development plans and in monitoring progress. Dr. Lopez was the administrative link to the 
Mayaguez campus. Dr. Weiner was aided in the day-to-day administration of the project by the 
Project Coordinator, Irma Febo. The Project Directors were aided in the development of the 
project, particularly with respect to technical mtters, by a Steering Committee composed of the 
principal investigators of the three research clusters and one of the Co-PDs fiom the Human 
Resources Development component. The EPSCoR State Committee, the policy making body for 
the long-term development of the island's scientific infkastrocture and hwnan resources, provided 
oversight of the progress and formulated global policies to support the development of PR- 
DOE/EPSCoR, promoted integration with the state's economic development plan as well as with 
other EPSCoR projects, and assured the achievement of long term gods. 

Outstanding members of the national scient& community with special expertise in fields related 
to the research clusters and including scientists fiom National Labs constituted an External 
Advisory Board for the PR-DOE/EPSCoR program.. The Board met with the PIS on an annd 
basis to review the progress of the research clusters and human resources development 
component and provided recommendations for fiuther development of the clusters as well as for 
the overall performance and long-term strengthening of the project. The Board provided the PI'S 
and the PR PR-EPSCoR State Committee a written report delineating major findings and 
recommendations that were used as a basis for improvhg the program. 

Below is a list of the seven (7) members of the PR-DOE/EpSCoR E x t d  Advisory Board, 

George W. Kabalka Professor and Director of Research, Department of Radiology 
University of Tennessee Medical Center Knoxville 7124 Cresthill Drive 
Knoxville, TN 37919-5910 
Email: kaballra@noveIl. chem.utk. edu 

Mchael E. Sigman Research Associate III, Chemistry Division Oak Ridge National Lab PO Box 

i o d  Laboratory CST-14, Mail Stop C345 Los Alamos, NM 
87545 Tel: (505) 665-2557 

Itwin Gaines F d  National Accelerator Lab PO Box 500 
Batavia, Illinois 60610 
E d :  gaines@fnalu.fnas.gov 

E d :  woodv@J anl.nov 

mailto:gaines@fnalu.fnas.gov


lk7iiam M. Yen Graham Perdue Chair of Physics and Prokssor Department of Physics and 
Astronomy University of Georgia \ 
Athens, GA 30602-9986 Tel: (706) 542-2485 
Email: wyen@hal.physast.uga.edu 

Nestor Ortiz Sanaa Natiofial Labotqtories Nuclear Energy Technology Organization 6400 
Bldg. 823, Room 3092 
Alburquerque, NM 87185-5800 Tel: (505) 844-0577 
Email: nrortiz@sandia.gov J 

Nonnan D. Peterson Argonne National Laboratory 9700 South Cass Avenue Argonne, IL 60439 
Tel: (630) 252- 7229 
Email: npeterson@smtpgate.anI.gov 

PERSONNEL 

PR-DOEIEPSCoR, a multidisciplinary effort, involved twenty-eight (28) faculty researchers 
fiom the UPR, eight (8) postdoctoral research associates, fifty (50) graduate students and twenty- 
two (22) undergraduates. Tables 1-7 list the personnel directly involved in PR-DOEIEPSCoR. 

Table L Management and Coordination -Senior Personnel 

Name Position Percent Effort 

BradR. Weber Project Director 20% 

Manuel Gomez Co-Project Director 10% 
Angel M. Lopez Co-Project Director 15% 

Angel M. Lopez Principal Investigator 25% 
John A. Soderquist Principal Investigator 25% 
Nelson Cardona Principal Investigator 25% 
Ram S. Katiyar Principal Investigator 25% 
Zulma Crespo Project Coordinator 100% 
Sandra Troche Administrative Assistant loo?? 

mailto:wyen@hal.physast.uga.edu
mailto:nrortiz@sandia.gov
mailto:npeterson@smtpgate.anI.gov


Table 2. Human Resources Development Cluster -Senior Personnel 

Position Percent Effort 

Effort Ibis L. Aponte 
Javier Figueroa 
Carlos Phrez 
Abel Mendez 
Norma Davila 
Juan Lopez Garriga 

Daniel Mora 
Manuel Gomez 
Brad R Weiner 

Senior Investigator 
Senior Investigator 
Senior Investigator 
Senior Investigator 
Evaluator 
Senior Investigator 
Technician 
Principal Investigator 
Principal Investigator 

25% 
12.5% 
12.5% 
12.5% 
12.5% 
12.5% 
100% 

See M&C 
See M&C 

- 

Table 3. High Energy Physics Cluster -Senior Personnel 

Name Position Percent Effort 

Angel M, Lopez Principal Investigator See M&C 
Wolfgang Rolke Senior Investigator 12.5% 
Weinjun Xiong (0217/99-02/15/00) Postdoctoral Associate 100% 

Table 4. Novel Thin Film Materials for Optoelectronics Applicatiotls Cluster -Senior 
Personnel 

Name Position Percent Effort 

; see M8zc Ram s. Katiyar 

Luis F. Fonseca Senior Investigator 15% 

Huimin Liu Senior Investigator . 15% 

Pramod Sin@ Dobal Postdocto$al Associate 100% 

Subhasish Majumder Postdoctoral Associate 1 100% 

Sathiraiu Srinivas Postdoctoral Associate 100% 

Fouad M. Aliev Senior Investigator 15% 
Felix Femdez  Senior Investigator 15% 

Weiyi Jia Senior Investigator 15% 

Antonio Martinez Senior Investigator 15% 

(09/30/98-11/14/99) 

(4/21/98-1/3 1/99) 

(07/27/98-05/3 1/99) 



Table 5. Catalytic Processes for Energy Sources and Environmental Detoxification Cluster- 
Senior Personnel 
Name Position Percent Effort 

John A. Soderquist principal Investigator See M&C 
Nelson Cardona Principal Investigator See M&C 
Rafael Arce Senior Investigator 15% 
Lesser Blum Senior Investigator 15% 
Carlos R. Cabrera Senior Investigator 15% 

Jose A. Colucci Senior Investigator 15% 

Songping H m g  Senior Investigator 15% 

Brad R. Weber Senior Investigator 5% 
K. Ganeshwar Postdoctoral Associate 100% 

Yltm Guo Postdoctoral Associate 100% 

Chibiao Liu Postdoctoral Associate lOOY0 

Makmov Vladimir Postdoctoral Associate 1 OOYO 

Miguel E. Castro Senior Investigator 15% 
Jorge L. Colon Senior Investigator 15% 

Juan Lopez Oarriga Senior Inve$tigator 15% 
AnaR. Guadalupe Senior Investigator 15% 

Edwin Quifiones Senior Investigator 15% 

(08/4/98-06/3 0/99) 

(1 0/3/98-2/28/99) 

(08/17/98-3/3 1/99) 

(10/19/98-04/30/B 



Total number of publications, presentations and patents in this reporting period 

Directly Attributable Other 
DO E- EPSCOR 

Publications 
Cluster1 

0 ClusterLI 

0 ClusterIII 

Total 

Presentations 
0 Cluster1 

0 ClusterII 

0 Clusterrn 

TotaZ 

Patents 

0 Cluster1 

0 ClWterII 

0 ClusterIII 

Total 

3 

153 

30 

17 

126 

58 

I 

3 pending/ 3 Disclosures 
c 

90 

22 

Cluster I[: High Energy Physics Cluster 
Cluster II: Novel Thin Film Materials for Optoelectrdcs Applications 
Cluster Ilk Catalytic Procews for Enagy Sources and Environmental Detoxification 

MAINSmAMING 

One of the Primary gods of the EPSCoR project in general is to move research faculty into 
competitive mainstreafll funding, In order to motivate this activity, we have asked all researchers 
in PR-DOEJEPSCoR to send competitive researcb grants to the major federal agencies. Thus far, 
we have had only two submissions to the Department of Energy competitive programs, one of 
which one was funded. We implemented a poky of withholdin~ summer compensations for any 
faculty members who do not 

N E w m m s  
One of the thrust areas of Puerto Rim EPS Performance Computing. From time to 
time this mea of research has been infused with support fiom the Commonwealth of Puerto 
Rico, the National Science Foundation and the Department of Defense. Because the development 
of High Performance Computing is critical for the ongoing development of research in Puerto 
Rico, some PR-DOEEPSCoR funds were used to hire Dr. Guy Cormier, a Computational 

their research results related to the DOE-EPSCoR grant. 



Materials Scientist, to develop a High Pdormance Computing Facility at the University of 
Puerto Rim. The fhds came fiom savings through other parts of the proposal. Dr. Cormier’s 
leadership has resulted in greatly enhancing the facility and services. To minimize resource 
duplication and fadlitate cost-effective resource management, various components of the HPCf 
are integrated, including: (a) the Center for Numerical Supercomputing; (b) the Distributed 
Visualization Laboratory; (c) the Resource Center for Bioinformatics; and (d) the Teaching 
Laboratories and Access Nodes. Underlying these computational resources is the Internet2 
Project that brings high bandwidth connectivity to the Rio Piedras, Mayagiiez and Medical 
Sciences UPR campuses and the Arecibo Observatory. The center of this network, the PIUSA 
GigaPoP, offers superlative access to HPCf computers, The range of supported users is wide and 
includes 36 ongoing research projects. The technology infrastructure and related services 
include: 1) Cor$ High Performance Computational Resources; 2) Advanced Research Network 
(the Internet2 Project in PR); 3) Services in Support of Users of Computational Resources; 4) 
Evaluation and Promotion of Standards and Architectures; and 5 )  Evaluation of Emerging 
Hardware and Software Technologies. 

Services to support use and users include, 1) Workshops on bioinformaics, visualization, 
programming and Unix system administration; 2) Joint development or adaptation of Internet2 
meritorious applications; 3) Software development, especially for parallel programmhg; 4) 
Development of research materials at the visualization Laboratory; and 5 )  Network design and 
security consulting. 



3, Human Resources Development 
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INTRODUCTION 

The Human Resources Development component of Puerto Rico's DOE-EPSCoR project has 
carried out a series of activities since 1994 aimed at increasing the number of junior and senior 
focal scientists and engineers invo€vqd in energy-related research. These activities touch all 
levels of the educational and research structure from pre-college to senior researcher but 
emphasize the development of young minds through activities aimed at the pre-college level, 
including a teacher training laboratory, school visits by researchers, and Saturday academies for 
teachers and students. Other activities such as Summer Internships for undergraduate students 
complement the human resource development that occurs in research clusters as junior 
researchers, postgraduate assistants, graduate and undergraduate students, and senior research 
faculty are immersed in the work of leading-edge projects. 

INTEGRATED SCIENCE MULTI-USE LABORATORY FOR TEACHER " N G  

The broad objective of the ISMUL is to update and enhance the quality of basic science education 
as a means to encourage more students to follow careers in SEM. As a strategy the ISMuL 
promotes the creatioa of and incorporation into pre-college and college curricula activities that 
engage faculty and students in meanhgfbl problems. The intent is to offer educational 
experiences that foster higher thinking skills, provide valid ideas about science, engender a spirit 
of inquiry and investigation, and motivate students to pursue science. The ISM& mission is to: 

Provide training, continuous education, research opportunities and resources to science 
teachers at the Junior and High School levels. 

Encourage and support research and the development of curricular enhancement projects for 
both pre-college and college faculty and students. 

Create a Spanish language bank of pre-college and college level curricular materials that 
provide an integrated view of science. 

Education. 
Provide the infbtructure in the Arecibo College for a Baccalaureate program in Sciencx 

The ISMuL consists of (I) a workshop om, computer area with a small PC network with 
advanced multimedia capabilities; (2) a production room with a server to create interactive 
so&vare; (3) a laboratory-scale machine shop area to design and construct simple equipment for 
demonstrations and hands-on experiences; (4) an electronics bench to support the machine shop 
area; (5 )  office and storage areas. The computer and workshop equipment was chosen to match 
that available at some schools in the PR-Department of Education (PR-DE). With these 
4apabilities the ISM& provides workshops in basic science content, effective teaching 
techniques and prevailing philosophies, as well as the use of equipment. The chief goal is to 
motivate and provide support for teachers and college faculty to go beyond the workshop 
experience to develop projects, create educational software and/or devices at these facilities. 
Besides offering formal training txperienas, the ISM& aims to serve as an experimental center 
where teams of college professors and students, along with school teachers and students can join 
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ventures in research on science education and the creation of innovative curricular material, 
custom-made to respond to their particular needs. 

Effective liaisons have been made with PR-SSI, the Institute of Continuous Education (ICE) and 
the AMP programs of the RCSE that have provided access to the PR-DE and additional funds. 
Two intensive summer workshops were offered to Junior-High teachers at the San Juan and 
Arecibo districts. Three college courses have been revised to introduce inquiry activities, 
alternative assessment and cooperative learning. The ISMA is included as a pilot project and 
coIlaborator in the latest ICE project. The ICE and the ISM& targeted HightSchool science 
teachers to provide the proper overlap with PR-SSI. A college physics laboratory m u d  and an 
Electronic Laboratory Notebook (ELaN) were prepared in collaboration with a faculty member 
of the Aguadilla College (also part of the UPR Administration of Regional Colleges, ARC). 

ISMuL's PRECOLLEGE LEVEL ACHIEVEMENTS 

From 1997-2000 ISMuL activities directly impacted 360 teachers and almost 600 students; 
through the training of 360 teachers over 25,000 students were indirectly impacted. Below is a 
representative sample of the types of workshops offered. 

Rediscovering Mathemntics-Tbis 15 hour workshop for elementary-high school teachers 
covered d i E d  mncepts such as fiactions, percent, formdas, two-dimensional and three 
dimensional geometric figures, and their constructiw using bars and web models. At the end of 
the workshop, teachers were responsible for designing wd presenting a learning activity at the 

Arecibo were invited to observe the workshop participants present activities they had developed 
I grade level they teach In the semester following the workshop, pre-service teachers frpm UPR- 

at or following the workshop. I 

Vi& to the PIanetarium at UPR-Mqagiiez - A series of 1.5 hour visits to the Mayagiiez 
Planetarium allowed teachers to become acquainted With the facilities and the functioning of the 
planetarium. The following topics were discussed: how to present the corresponding night sky as 
observable from Puerto Rim the day of the visit, how to identifL the geographic north using stars 
as points of reference, how to present a realqtime model of the solar system, how to identi@ 
zenith and ecliptic, and B description of the outstanding characteristics of the planets in the Solar 
System. 

AwaRening Interest - This activity addressed issues faced by first year education students at 
UPR-Arecibo. Through group dynamics and lectures students dealt with topics such as study 
techniques, self-esteem and motivation. Students participated in a discussion following a 
presentatioD entitled why do I want to be a teacher? They also discussed the importance of 
scientific research in the field of education. Four UPR Arecibo Eaculty members participated in 
the workshop. 

Pur#uZ~o us a Tool - This Workshop analyzed the function and usefidness of the portfolio 
concept in the mahation of student learning. The design and structure of portfolios were 
discussed, including a list of possible types of documents that can be evaluated in a particular 
course. 
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My Wizy - A science teacher presented the design for two activities that include the use of 
graphic calculators and CBLss at the middle school level. A Physics and Chemistry Department 
professor at UPR-Aredbo introduced the use of the graphic calculator and CBL's. Participants 
engaged in hands-on activities that included measuring acidity in some common antacids and 
determining the caloric content of a nut. AU the 
measurements were taken with the CBL's pH and temperature sensors and computations were 
performed with a TI-86 graphic calculator. 

Only low-cost materials were used. 

Peer-Zed Team Learning - Some twenty participants, including teachers, education students and 
college faculty, were exposed to peer-learning as a teaching-learning strategy. The workshop 
leaders and students teachers from UPR-Arecibo described and demonstrated the techniques they 
use in their courses. 

Astrobiology: The Study of Life in the Untwrsg - In this interactive seminas a group of middle 
schod students and their teachers were given rn overview of what astrobiology studies entail. A 
study of the plana Mars was used to exemple the multidisciplinary approach to this field. 
Participants viewed images and a video of the planet=s surface via computer 3-D virtual images. 
The activity also included hands-on computer experiences using the Internet to search for 
information regwding space exploration in NASA WebPages. They also had the opportunity to 
look at pictures (with 3-D glasses) of Mt. Fuji in Japan taken &om the space shuttle. 

Aeronautics Education Z,aborafoq - ISM& b e m e  the 16* replication site,the first one 
outside the continental U.S., of the Aeronautics Education Laboratory. The state-of-the-art 
classroom includes ten workstations that permit students to explore various technologies used in 
the field of aviation today. The activities and Curriculum support the national math and science 
standards and process skills, with applications to real-world careers. Students are encouraged to 
explore weers in technology, engineering and science through this special focus on the field of 
aeronautics. ISMuL off'ers workshops to middle school teachers and their students in which 
participants plot a trip fiom CalSornia to Washington, D.C., passing through all the NASA Field 
Centers. 

When fhe Earth TrembZes - Twenty-five K-12 science and mathematics teachers 
participated in this twenty hour (four Saturdays) workshop on the basics of earthquakes. On 
the first Saturday, a gerieral theoretical backgound of plate tectonics and the physics of seismic 
waves is presented by an expert resource from The Puerto Rim Seismic Network at Mayagiiez. 
The second Saturday another expert from the Network provides a historical suznmary of the 
seismic events in Puerto Rim up to the present day. The third Saturday is devoted to discussing 
the social implications of an earthquake and how the extent of disaster is determined by the 
degree of vulnerability of sodety. An expert from the State Agency for Emergemy PJlanagernent 
discusses structural and non-structural risks and emphasizes the need for each school to establish 
a local emergency management program that c a ~  respond immediately to an earthquake. The last 
Saturday is devoted to visitkg the facilities of the Puerto Rim Seismic Network, where a data 
analyst guides participants through 5t series of activities designed to teach them how to calculate 
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seismic parameters such as magnitude, intensity, event duration, epicenter and others. After 
completion of the workshop each participant receives a safety back-pack fbll of articles needed 
to begin the organization of a School Seismic Alert Program(SSAP). ISMd monitors this 
program during the first two years to make sure that the program is established and that it c8n 
continue alone after that. 

Aeronautics Education Laboratory (a) Workshops far teachers - This four hour workshop 
is for teachers who plan to bring a group of students to the AEL facilities, preparing them to: a) 
discuss some basic terms in aeronautics with the students before their visit b) become acquainted 
with the equipment and curriculum of the laboratory c) motivate their students in group work 
before their visit and find out what their feelings are regarding the study of science and 
mathematics d) help their students after their visit in the design and implementation of one or 
more aMivities based on their experience at AEL and e) share activities and materials with other 
teachers. At this workshop the date for the visit of each teacher with hiseer) students is assigned. 
In general, teachers get a whole idea of the complete experience their students will have at AEL 
at the same time they understand the key role they play in students= experience. 

@ufia Ignacia no estd a4uh estd en su VmgeZf - In a three hour workshop, Mrs. Ignacia 
Oliver0 shared her experiences in developing activities using plants fiom her seedbed. She made 
suggestions hbout other low cost projects and urged new teachers to construct a seedbed in their 
schools. 

Graphic Calcrclafor Use - In a four hour workshop, Prof Edwin Morera from WR-Cayey 
discussed and provided hands on experiences in using the graphic calculator to do basic 
operations, solve basic problems in mathematics using the graphical approach the CBL= sensors 
and analyzing data fiom an experiment. 

Ttip to the Planetarium at Mqagiiez - This 1.5 hour visit to the Mayagiiez Planetarium was to 
become acquainted with the facilities and finctions of the planetarium. The following topics 
were discussed: how to present the corresponding night sky as observable from Puerto Rico on 
the day of the visit, how to ident@ the geographic north using stars as points of reference, how 
to present a real-time model of the solar system, how to identifj. zenith and ecliptic, and the 
outstanding characteristics of the planets in the Solar System. 

Functionai Redaction - This six haur workshop focused on providing participants assistance in 
improving their Writing skills. During the first part of the workshop, thought activities such as 
reflection and binnacle, both skills that accompany the writing process, were used. In the second 
part of the workshop, the leader worked with individuals as they planned a text and produced a 
draft. In this way, the participants were immersed in the steps required to produce a good written 
text. 

Concephral Understanding - In this three hour workshop the origin of the TODEI Program and 
the aspects of the conceptualization module, such as the teacher’s guide, the student guide and 
complimentary material were discussed and practice exercises were undertaken. 
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ZWeGRE - This workshop presented the Institutional Module directed to construction of 
different chart types, data analysis, and descriptive statistics. Use of these modules enables 
participants to develop problem solving, analysis, and evaluation skills. 

Internet: Pedagogic Tool in the classroom This workshop offered an introduction to the 
Internet, its services and their integration into the teaching-learning process and experiences of 
students. 

AEL Workshop for students The workshop began with a group of eighteen 7-12 students 
engaging in a dynamic discussion of what issues a pilot must address when making a flight plan. 
Under the direction of workshop leaders students consider the design of the airplane, the amount 
of fitel, altitude, speed, terrain and weather conditions. Following the discussion, students use 
the provided data regarding the above aspects to work in pairs at nine stations designed to 
consider each aspect of the fight. The pre-discussion and work at the stations takes students 
about 50 minutes. Followhg their work at the stations, students share what they have learned 
through a round table discussion led by the work shop leaders. Following the discussion, each 
pair returns to its Station, either to finish the activities that were in progress or to begin a new 
one. During that period, a workshop leader takes pairs of students through the fight simulation 
station where they can demonstrate their abilities in taking sff and landing an airplane. Each 
student has approximately seven minutes to take off and land the airplane successfidly. When 
they leave, students take with them the data they obtained and are required to use it to design a 
learning activity they share with classmates. Student and teacher evaluations of the experiences 
are sent to IWuL for review and analysis as are copies of the activities students developed. 

ISMraL's COLLEGE LEVEL ACHIEVEMENTS 

Eighteen undergraduate students were involved in projects in biophysics, astronomy, 
meteorology, multimedia and computer applications, creation of curricular material, low-cost 
equipment and other teachingneaming aids design and construction. Eleven (11) of these 18 
students were paid by NASA funds. This year one of our students presented a paper at a local 
meeting (ACS Junior Technicat Meeting) on the topic of life on extreme environments, a first 
stage of a project that attempts to conduct a series of experiments to simulate planet Mars' 
environment, and the possibilities of He in that planet. 

demies is the training of pre-college teachers and students in 
mergy-related topics and activities that they can take back to their classrooms. Teachers and 

in pairs to create an on-going relationsbip between teacher and student. 
Most of the students are from low- income f d e s  and environments that are lacking in science 
enrichment activities. Students and teachers are equal participants. They are provided with 
hands-on experiences that involve them in doing science. There is a focus on developing higher 
order thinking skills and depth of understanding through a process that takes them from the 
concrete to the conceptual level using a constructivist approach. Emphasis is placed on helping 
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them make connections between concepts in order to develop an integrated perspective of SEM. 
Energy/enVironment issues lend themselves to this approach. Cooperative learning is stressed in 
order to develop their capabilities as active self-learners. Thus, the teachers are exposed not only 
to new course content but also to new models of teachin8 and learning that they can use their 
classrooms. 

A curriculum that centers on the topics of energy and environment was developed for this 
program. Also, a set of educational materials in Spanish was developed specifically for this 
purpose. Although some background information is included, the emphasis is on activities and 
principally on low-cost "experiments" that can be carried out with little or no laboratory 
equipment. This is supplemented by visits to local industries or facilities. For example, the group 
from San Juan Visited an electricity generating plant in one of their field trips. An important part 
of the academy is the preparation of individual projects which are presented at the closing 
session. This activity places 8 value on the creativity and originality of the participants. 

PRECOLLEGE OUTREACH 

This activity is directed to impacting the Puerto Rican student population as early as possible and 
maintaining their interest in energy-related issues throughout their school years. University 
research personnel (professors and students) Visit public schools throughout the island to make 
presentations about their work, The 21 $chools (7 fiom each level) were selected as target 
schools (by the SSI) for curriculum reform and other developmental programs. The main purpose 
of this activity is to present a positive image of the scientist as role-model, Le., to transmit the 
idea that a liEe as a scientist is a possibility for them. Undergraduate and graduate student visits 
are particularly important in this regard. The Visits consist of one-hour interactions with small 
groups (30 students) during which the scientist explains sortie aspect of hidher research interests 
preferably by carrying out a dglonstration that hehhe has prepared for the students. Researchers 
meet with HRD component personnel before each visit in order that they have a clear 
understanding of the goals and the philosophy behind this activity. Researchers are encouraged 
to discuss the reasons for their career choice, the importance of science to society and the 
opportunities for careers in science, engineering and related fields. The ideal visit is that in which 
the investigator engages in a lively conversation with students about their attitudes towards 
science and their career plans. An average of eight visits a year took place flom 1997-2000. 

Classrooms in both rural and urban settitlgs were visited. In both cases the students reacted very 
positively to the visit from a " r d "  scientist whom they found to be much Werent fiom their 
preconceived ideas of who scientists are and what they do. Students' responses to questionnaires 
concerning the visits were used to guide preparations for visits for the next year. 

The Science on Wheels Program is an attempt to remedy the fact that in Puerto Rico public 
schools have very limited access to science materials, scientific instrumentation or, in general, 
infomation &out scientific careers. A professor at UPR-Mayaguez has developed a "science 
show" for students and a science training program for secondary teachers. A Science Education 
on Wheels mobile unit equipped with basic scientific instruments, interactive videos on science 
education, and micro scale science experiments provides students science demonstrations and 
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teachers training. This approach assists teachers in gaining new knowledge and insights and 
enhances the science experience of students. 

The Science on Wheels project seeks the following objectives: 

Provide a cost effective program in chemistry reaching junior high school and early high 
School students- 

* Motivate students to enroll in science classes and to participate more actively in science 
oriented programs. 

Provide the means to integrate student development in the area of chemistry with faculty 
development. 

Make available scientific equipment to junior high school and early high school students by 
providing hands on workshops and laboratory experience in the RUM-UPR facilities. 

Involve junior high school and early high school students and teachers in research in 
developing relevwt demonstrations to be performed in their schools during the regular academic 
year. The focus will be on strengthening the presentation of chemistry and physic topics in ways 
that will be interesting and challenging and that will avoid common misconceptions often 
encountered in pre-college students. 
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4. Technical Accomplishments 



High Energy Physics-The DOE-EPSCoR grant allowed the High Energy Physics Cluster to 
greatly increase its participation in experiments at the Fermi National Accelerator Laboratory. In 
this reporting period the cluster continued to make significant contributions to the acquisition 
and analysis of data from E831. The data run was highly successfbl, surpassing the goals in 
amount and quality. E831's data set (26000 Gb) will be the basis for measurements of charm 
quark physics of unprecedented precision. The cluster completed projects in the analysis of data 
&om its detectors and continues to participate in the general analysis and data reduction. 
Anuther major project is the use of modern statistical methods in high energy physics. Additional 
high energy physics experiments h d e d  by a DOE competitive gant awwd are underway, as is 
work on heavy quartz funded by a DOE-EPSCoR. 

NoveI Thin Film Materials for Optoelectronics Applications--Thin films of ferroelectric 
perovskites, layered structured oxides, relaxor materials and tungsten bronze type structures are 
important classes of materials for a variety of applications including non volatile memories, 
dynamic random ~lccess memories, hka-red sensors, actuators and optical waveguides. Lithium 
based oxide materials, on the other hand, are attractive for electrode materials, because they are 
capable of reversibly intercalating lithiurnions in a rechargeable battery without dating the 
main unit. We have studied some of these novel materials, including lead based perovskites 
(PT, PLT, PLT:Ce, PLT:Gd, PZT, PZT:Nd), Ba, Srl-,Ti03 @ST), KTN, layered perovskites 
(SBT, (SBT)@TN)I, relaxors (PMT, PST, PZ", PMT-PT)tungsten bronze Sr0.5Ba 0.5 N b z O  6 
(SBN) and BaMf4. Various growth techniques such as solution based route, sol-gel, pulsed laser 
deposition, &-sputtering, c0llVentiona.l powder processing, and melt growth were used to prepare 
these materials in different forms. The effects of starting precursors and solution aging, A and B 
site doping, structural ordering on the ferroelectric and dielectric properties in these materials 
were studied. Micro-Raman technique hiis been very usefbl in identifjhg the phase, structural 
transformations and homogeneity at the submicron levels of these materials. Other important 
factors of d d c e  consideration, such BS substrate, strain, disorder, md grain size effects, that 
greatly influence the lattice vibrational modes were also investigated. Results obtained by other 
characterization techniques such as XRD, SEM, AFM, and FTIR, were also used to understand 
the ferroelectric and dielectric properties of the synthesized materials. 

The nodhear optid properties of KNbofiTa03 superlattice was characterized for the tirSt 
time using ultrafast time-resolved degenerate-four-wave-mixing (DFWM) technique. The lattice 
structures grown by pulsed laser depositbn consist of 8 layers with thicknesses of 40 nm 
(KTa03) and 30 am Compared to the pure KTaO3 substrate, the time-resolved 
spectrum of superlattke changes remarkably. A sharp coherent response signal is peaked at the 
time of zero delay of the probe pulse followed by a build-up of a longer-lived signal, showing an 
acceleration of the decay. This indicates that a si@wnt contribution to the response signal 
comes fiom the K N b 0 3  superlattice. With a total of about a 150 nm multiplayer thickness of 
KNbO3 deposited on the KTaO3 substrate, the third-order susceptibility i3) was estimated to be 
dramatically increased by 2 orders of magnitude. Concurrently, the recovery process fiom the 
temporal lattice de€ormation driven by the laser excitation in the superlattice structure may occur 
in ns, i.e., mulch faster than in a poled bulk crystal. 

Crack-flee and transparent thin iilms and bulk glass samples were prepared by sol-gel method. 
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Nanoparticles of Eu3':Y203 have demonstrated an intensified luminescence arid are very 
attractive for display devices. It was found that the lifetime of Eu doped in Si02 *as much 
shorter. The shortening of the Wetime was ascribed to concentration quenching due to the 
limitation of solubility of Eu and formation of Eu clusters in Si02 ,lass. In 
l%EU:lO%Y203:Si02 glass it was found that the red luminescence was increased by a factor of 
4 and the lifetime increased from 0.4 ms to 1.8 ms. It is believed that the Eu doped Y203 formed 
nanoparticles in Si02 glass. Si02 is an excellent optical matrix and Eu:Y203 may be of 
importance for display applications. 

Mn:ZnS is an important display material. It was found tat the luminescence intensity of the 
material in form of nanocrystals was greatly increased. The W irradiation-induced 
luminescence enhancement effect was assumed to be caused by W induced new suhx states 
which may increase the efficiency of the energy transfer from ZnS nanocrystals to the emission 
centers of Mn2+. 

The phosphorescent crystal fibers were successfi~lly grown by the laser heated pedestal growth 
method for the first time. The new type of single crystals may tind important applications in 
optoelectronic devices, for example, photoenergy storage devices. It also provides an 
opportunity to study phosphorescent dynamics on single crystals. We designed a pulse laser 
photostimulable phosphorescent experiment at far off-resonance condition and found that the 
excited Eu2+ ions that are responsible for emission of after-flow relazed to the ground state three 
times faster than the decay of normal excited Eu ions. The fast relaxation time of the Eu ions is 
tentatively ascribed to the lattice distortion of the Eu sites that are storing photoenergy. In the 
measurement of thermoluminescence, it was found that the decay of the &erglow is the first 
order process and there are three types of trapping centers with different depths. 

Dynamic light scattering was used to examine ferrielectric liquid crystalline phases in porous 
media. Whereas in larger pores (2OOm) ferrielectfic phases were observed, they Were not 
found in the smallest pores (2Onm). Additionally, the temperatures of several phase transitions 
were found to be suppressed in the pores relative to bulk. These observations have been 
explained by the structural aspects of ant8moelectric liquid crystalline materials in a confined 
geometry. We stress that cylindrical confinem s a strong influence gn the appearance 
and dynamic properties of the ferrielectric p results obtained can be summarized as 
follows: (i) The fast relaxation process i in the bulk sample but is partly 
suppressed in 200 nm pores and doesn't exist in 20 nm pores. (3) The temperature of the phase 
transitions SmCA - SmC* in 20 nm pores and SmCA-SmC(gamma) in bulk and in 200 nm pores 
are of similar value, whereas (E) the temperature of the SmC*-SmCAphase transition in 200 nm 
pores is about 3 degrees lower and in 20 nm porous samples it is about 4 degrees lower than in 
the bulk sample, and (iv) the ferrielectric phases in AS573 exist in 200 nm pores as well as in 
bulk, but they are not fotmed in 20 nm pores on cooling from the isotropic phase. 

Catalytic Processes for Energy Sources and Environmental Detorifcation-The energy 
source project has contributed to the understand@ Of combustion and its by-products in the 
environment. New catalysts and materials, designed to enhance energy conversion and storage, 
are being studied to contribute to future technologies. 
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The environmental detoxification project has moved forward with new catalytic initiatives and 
new chemistry with organometallic compounds within this project. A major feature of this 
project is to develop a concerted program to implement and improve new solar photocatalytic 
detoxiiication technology to clean up environmental pollutants in exhaust streams and 
wastewaters. Moreover, our sufiace science component has dramatically enhanced the potential 
depth of this research with respect to the Ti02 catalytic studies. The activities of the cluster have 
been both extensive and far-reaching considering its short time of existence. The cooperation and 
collaborations resulting fiom these projects has fbrther enhanced the development of energy- 
related research in Pyerto Rim. The DOE-EPSCoR initiative has also provided an opportunity to 
link energy-related research to student development. 

Energy Sources-The development of new basic energy-related research initiatives in Puerto 
Rico was an important objective of the cluster. With this in mind, the state-of-the-art laser 
faciIities at the University of Puerto Rico-Rio Piedras were I l l y  utilized to study high-energy 
intermediates in the gas phase which are implicated in the combustion of fossil bels. Thus, the 
photofiagmentation of ClNO clusters and acetylene- were generated to obtain a better 
understanding of the processes involved. The energy disposal processes were of major interest to 
these studies which include reactions in a van der Waal complex. The major challenge in these 
studies was to identi@ the chemistry which originates t b m  the molecular clusters. Moreover, 
ground state oxygen atoms with suWr-containing compounds were also studied. A new area 
received DOE support fbr the production of diamond films. 

The photochemistry of luminescent metal complexes in layered materials was studied to develop 
systems which promote photoinduced charge separation. Among the project milestones were 
the synthesis and characterization of new layered zirconium phosphonates intercalated with a 
variety of luminescence robes. An octanuclear cluster, Fe&t4-0)4(ppz)&4, (l-Cb ; pz = 
pymolato don, CJH& ) that consists of a Fe404-cubane core encapsulated in a (Fepz3)4 shell 
out of which protrude tetrahedrally four chlorine atoms was constructed. This provided the basis 
for a new sub-project to contribute to the need for new porous materials with a variety of 
predetermined pore-sizes --- often dubbed Amolecular zeolites@ --- to be used for the separation 
of molecules based on size discrimination. New procedures were devised for the synthesis and a 
patent application submitted. 

p. 

Environmental D cation Project-The new solid-liquid phase transfer catalyst work was 
extended to include a study of other potentidy usem TIPS systems. TIPS hydrazine proved to 
be ti particularly interesting new reagent for the preparation of unsymmetrical azines and as a 

New initiatives on TIPS amino acid derivatives were initiated. 

project concentrated on the development and implementation of Solar 
Photocatalytic Technology (SPT) for the destruction of hazardous wastes in Puerto Rim. Toward 
this end, the most advanced SPT available were applied to local conditions to' address 
government, industry and the general population concerns for air, water and ground pollutants. 
New silica-titania catalysts that appear to be superior to the Ti02 system itself were disc~vered 
and extensive stpdies were carried out mainly with toluene and tetraqhloroethylene. This work 
was paralleled by new pilot plant studies. The invention and discovery of new catalytic materials 
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for energy-related processes and interests was another important objective of the research 
project. To better adapt the metal oxide photocatalytic oxidative detoxification to solar energy 
saurces, the development of new adsorbed photosensitizers (e.g. phthalocyanines) provided an 
increase in the efficiencies of photochemical degradation of halogenated hydrocarbons in the 
visible range. The preparation of Ti02 electrodes was also accomplished. 

Ruthenium modified platinum surfaces have been treated with hydrogen,forming a complex Ru- 
RuQ~-RuO&’t d a c e  that could be used as a catalyst for multiple applications, such as 
methanol oxidation. The average pore diameter (porosity), the nature of the sudace (silica versus 
alumina), the surface coverage, the water content, and presence of oxygen are important factors 
in the photochemical transformations of polycyclic aromatic hydrocarbons (PAH) in the 
environment. The formation of PAH radical cation has been identified as the principal reactive 
intermediate. Charge transfer and /or singlet oxygen mechanisms appear to be operating in the 
photodegradation processes which lead to the photo-oxidation of the PAHs. These products 
could bind to vital biopolymers and be responsible for their mutagenic activity. 
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Raman qxctmmpic and nonlinear optical properties of barium nitrate crystal", P.GZvem, T.T.basiev, W.Jia and 
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Up-conversion of mdti-site Er in LMQ single crystal fibers", W.Jia, K.Lim, H.Liu, Y.Wang, J.J.Ju, S.I. Yun, 
F.E.Femandez, W.W.Yen, J.Lumin., 66&67,190 (1996). 
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Influence of the internal photo-induced electric field on the formation of self-pumped phase conjugation in doped 
(KO.SN~O.S)O.~(S~O.,~~O,~)~.~O~ crystals J.Zhang, H.Lk W.Jia, Applied Optia, 35 6241(19%) . 
Degenerate-four-me-mixing of nonether polyphenylquinoxaline solution, H.Liu, Y.Wang, W.Jia, SPlE Pmc., 
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(Ko.5Nao.5)o.2(Sro.7sBao.25)o.sNbz06 Crystals", Jingwen Zhang, Huimin Liu, and Weiyi Jia, , Applied Optics, 35 6241 
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Photon conelation spectroscoW of liquid nystals confined in porous matrices with Merent structure and pore size 
, F . h  Aliev and I. Phhakov, Dynamics in Small Confining Systems 1'1, edited by J.M.Drake, J.Klafter, and 
RKOpelman, Materials Res. Soc. Symposium Proceedings, 464, 177 (1997). 

Broad-band dielectric spectrosco~ of liqdd crystals contined in random and cylindrical por&, G.P. Sinha and F.M. 
Aliev, Dynamics in Small Confining @stems ZII, edited by J.M.Drake, J.IUafter, and RKopelman, Materials 
Research Society Symposium proceedings, 464,195 (1997). 

Liquid crystauine behavior of octylcyanobiphenyl conlined to submicron size randomly connected porous glasses, 
G.S. Iannacchione, S. Qian, D. Emotello, and F.M. Mev, Phys. Rev., E 56,594, (1997). 

Dielectric and optical properties of heterogeneous microcomposite materials based on porous matrices and liquid 
crystals, F.M. Aliev, Proc. 

Influence of mnfinement on dynamic$ of molecular motion and collective modes of kquid crystal dispersed in 
pores, F.M. Aliev and G.P. Sinha, Molecular Crystals and Liquid Crystals, 303,325 (1997). 

Dielectric relaxation of nematic liquid crystal confined in porous matrices, G.P. $inha and F.M. Aliev, Molecular 
Crystals and Liquid Crystals, 303, N 4/5 (1997). 
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Heterogeneous nanmmp0sit.e materials based on liquid crystals and porous media, G.P. Sinba and EM. Aliev, 
Nanophae and Nanocomposfte Materials 11, edited by S. Komarneni, J.C. Parker and H. J. Wollenberger, Materials 
Research Society SympoSim proceedings, 457,43 1 (1997). 
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Fomtion of smaU pomxt by two-photon exutatiori in niobate crystals" KUu, Y.Wang, W.Jia, J.Lumin., 72-74, 
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Dispersion effects of population grating in Crd@ YAG crystal by four wave mixing" J.D.Romero, H.Liu and 
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Validily using pumpprobe pulses to determine the optical response of niobate crystals", H.Liu and W. Jia, NASA 
URC-TC, ed. M.Jamshidi et al, .Abqueque., 1,465,1997. 

Idvestigation into self-pumped and mutually-pmped phase mnjugation with beams entering the negative C-face of 
doped ~.~N~.~)o.?(Sr~.~J~zs)o.~O~ crystals", J.Zhang, H.Liu, W.J i  Applied Optics, 36 3753 (1997). 

Zrradiation induced luminescence enhancement effect of ZnS:Mn2+ nanoparticles in polymer films", J.Yu, HLiu, 
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Population Grating in Ca,Cr:YAG", J. b. Romero, H. Liu, Y. Wang and W. Jia, , J. Lumin., 72-74,854 (1997). 

Formation of Small Polaron and Excitation Transfer in Niobate Crystals, Huimin Liy Yanyun Wang and Weiyi Jia, 
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Irradiation-Induced Luminescence Enhancement of- doped ZnS Nanoaystals, J. Yu, H. Liu, W. Wang, F. 
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Investigation of Polarization mechanism of Relaxor Ferroelectrics, Zhong-Yang Cheng, S. Bauer, and RS. Qtiyar, 
Materials Research Society Proceedings, Edited by W.L. Warren et el., 453,455 (1997). 
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