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Introduction: Undergraduate Research Centers and REEL

The Ohio Consortium for Undergraduate Research:  Research Experiences to Enhance

Learning (OCUR-REEL) Project is an Undergraduate Research Center (URC) that

received funding from the National Science Foundation between 2006 and 2011. The

project is comprised of the chemistry departments of 14 educational institutions spanning

the State of Ohio, including community colleges, liberal arts colleges, and research

universities
1
.  REEL has had the central goal (common to other URCs) of transforming

undergraduate science education by providing authentic in-class research opportunities to

a large number of students at institutions of higher education, thereby broadening

undergraduate participation in Science, Technology, Engineering, and Mathematics

(STEM) research.

The National Science Foundation (NSF) program solicitation for Undergraduate

Research Centers (also termed Undergraduate Research Collaboratives) sought novel

models and partnerships for (1) expanding the reach of undergraduate research to include

first- and second-year college students; (2) broadening participation and increasing

diversity in the student talent pool from which the nation's future technical workforce will

be drawn; and (3) enhancing the research capacity, infrastructure, and culture of

participating institutions.   Research was to be in the chemical sciences with projects

providing exposure to areas of contemporary scientific interest, addressed with modern

research tools and methods that allowed students to create new potentially publishable

knowledge.   Learning in these settings was to be discovery-based, providing students

with the opportunity to creatively participate in the communication of scientific

knowledge.  Student participants were to be recruited in an inclusive manner at the

earliest possible stage of the collegiate experience, including those who would not

otherwise be involved in conducting original research in the chemical sciences.  It was

hypothesized that, through exposure to aspects of research, many participating students

should pursue additional opportunities for technical training and thereby strengthen the

research capacity, infrastructure, and culture at participating institutions.  An institution’s

research culture was, among other things, linked to the value placed on integrating

research and education, and enhancing and sustaining undergraduate research experiences

at the partnering institutions (NSF, 2003).

This report communicates REEL’s approach for broadening research opportunities in the

chemical sciences and creating a novel program consistent with the NSF’s vision of what

URC’s should strive to become.  To the extent that REEL has been true to this vision,

assessment of the program may then provide insights into whether the aims articulated

                                                  
1Higher education partner institutions currently include the University of Akron, Bowling

Green State University, Capital University, Central State University, University of

Cincinnati, Cleveland State University, Columbus State Community College, Kent State

University, Miami (OH) University, Ohio University, Ohio State University, University

of Toledo, Wright State University, and Youngstown State University.
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for URC’s, e.g. increasing the number of students pursuing opportunities in STEM,

generating new knowledge in the chemical sciences, etc., are indeed a result of including

a large number of students in chemical research early in their academic careers.

The OCUR-REEL program began with the premise that only by becoming involved in an

actual research project could a student gain the working knowledge needed to master that

area and to appreciate achievements in other scientific areas. Chemistry is, by its nature,

an experimental science.   However, the cognitive skills that are neglected in most

introductory level chemistry laboratories are exactly those needed for success in chemical

research.  Real research inherently involves a more independent and open-ended type of

thinking which permits the frustrations of failed experiments, the challenge of learning

from failures, and occasionally the exhilaration of successful experiments.

The REEL program is distinguished both by its scale and its philosophy of inclusion.  A

very large number of students have participated across the entire program and REEL

classes with >200 students are not uncommon at several partner institutions.  In addition,

the program is quite noteworthy in its aim to provide research experiences in chemistry

for the maximum number of students, preferably early in their academic career,

independent of whether they have expressed an interest in research.  This approach is

very unusual, especially for a program of this size.  Students are not recruited to

participate and, although they self-identify as STEM majors, they usually enroll in the

course not because they are interested in “doing chemical research”, but rather because it

is a requirement.

The REEL program, therefore, is best described as an initiative including authentic in-

class research experience on a very large scale in a very inclusive manner.  This

represents the joining of two prominent trends in STEM education- the broadening of

participation in research and the use of active learning strategies (Figure 1).

Figure 1.  In-class research experiences as a

convergence of two prominent trends in STEM

education.
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The culmination of this trend toward broadening participation in undergraduate research

is (perhaps) reached when in-class research experiences are embedded in required

courses that enroll a large number of students.  This is the case with the REEL program

as 1
st
 and 2

nd
 year chemistry courses, which are predominantly viewed as “required

classes” by STEM majors, are modified to include a research component.

Another area where calls for innovation and change are persistent is in terms of the

pedagogy for undergraduate science courses.   Unlike the momentum currently

accompanying initiatives aiming to expand research experiences, the deficiencies of

traditional expository-style laboratory instruction have long been decried by STEM

educators, yet logistical and institutional inertia have limited meaningful transformation.

It has been estimated that <20% of students at research-intensive universities have

opportunities for active learning or real-world problem solving in introductory courses,

leading to the conclusion that reforms aiming to introduce research-grounded teaching

methods (which usually favor active learning) in STEM departments has largely stalled

(Laursen, et. al., 2010).  Chemistry instruction at higher education institutions in Ohio

were no exception to this trend; prior to the REEL program,the 1
st
 and 2

nd
 year Chemistry

courses at these institutions were entirely taught with an expository format (Kahle &

Marks, 2007).

Although the aims and outcomes for those espousing programs that broaden participation

in research and those advocating change in laboratory pedagogy frequently overlap (e.g.

student epistemological growth, attitudinal change, etc.), the former currently have far

greater momentum and, indeed, the considerable attention funding agencies have given to

undergraduate research programs may be do to the fact that gains accompanying such

participation are viewed by policy-makers as being more “solid” and assured (Laursen,

et. al., 2010).  It is fortunate, therefore, that these paths converge pedagogically with the

inclusion of authentic in-class research experiences in student laboratory courses.
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Who Enrolls in a REEL Course?

Nearly15,000 students have participated in the REEL program with 3,000 now students

enrolling in REEL courses each year (Figure 2). Among partner institutions the Ohio

State University (OSU) has enrolled the most students in REEL modules.  Although all

institutions in the consortium have implemented REEL modules, a preponderance of

students have been from a few institutions, i.e. OSU, Bowling Green State, Akron, and

Capital University for General/Analytical Chemistry courses, and OSU, Toledo, Miami,

and Cincinnati for Organic Chemistry courses.  The number of students in REEL General

Chemistry and REEL Organic Chemistry has being about the same (Figure 3).  General

Chemistry is populated primarily by freshman (~50%) and sophomores (~28%) and

Organic Chemistry enrolls predominantly sophomores (~50%) and juniors (~28%).

Typically, females outnumber males in these courses by a small margin and the

racial/ethnic background is ~75% Caucasian, 15% Asian/Pacific islander, 5% African

American, with the remainder Hispanic, American Indian, or self-identifying as other

(Kahle & Li, 2011).

Figure 2.  Enrollment in REEL courses, where spring of 2006 is enrollment period 1.

The largest enrollment each year is in the spring when “on-sequence” courses include

REEL Research Modules.

The students’ career plans upon entering 1
st
 and 2

nd
 year Chemistry courses have changed

little over the last 5 years at the REEL institutions.  Typically 50-70% of the students

plan to attend professional school and 15-20% plan to attend graduate school.  The

number of students planning to attend graduate school in a non-scientific discipline or

pursue teaching careers (K-12) is very small, usually <5%.   Consistent with students’

career aims, motivation for enrolling in these courses center on fulfilling a requirement

for one’s major, or because they are perceived as being needed for graduate or

professional school.  Fewer students are enrolled because they express a strong interest in

the subject matter, because they want to learn laboratory techniques, or to learn more

about science or research.  Gender also is a relevant factor.  When asked to state their

reason for taking their Chemistry course, females were more likely than males to respond

“I need it for graduate or professional school”; males more likely to respond “I am

interested in the subject matter”.
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Figure 3.  Enrollment in REEL courses by institution.  Total enrollment (top) and based

on 1
st
 and 2

nd
 year courses (bottom).

Grade Expectation of Chemistry Students
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number of students that will be “disappointed” and receive a grade lower than they

anticipated upon entering General Chemistry is very high.  About 65% of freshmen earn

a grade that is at least one-half of a letter below their anticipated grade, with these values

increasing to 75% and 85% for sophomores and upperclassmen, respectively.

Upperclassmen, in particular, have final grades much worse than they anticipated, with

40% missing their projections by at least 1.5 letter grades, e.g. predicting an “A” but

earning a “C+” or below (Figure 5).

Figure 4.  Student’s anticipated final grade upon entering General Chemistry at OSU and

actual final grade.
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chosen career plans due to an unsatisfactory grade.  Such an observation is pertinent for

programs (like REEL) aiming to influence student persistence in STEM disciplines.

A challenge frequently voiced when describing the impact of research experiences on

undergraduates is the fact that most programs target students with a self-identified

interest in research or, as the researcher David Lopatto notes, “The observation that a

student will not enter into an undergraduate research experiences unless she had a motive

to so is obvious, yet it leads to frustration for program directors, who seek new ways to

coax students into science, and for assessment researchers, who seek appropriate

comparison groups for undergraduate researchers” (Lopatto, 2009).   While it is true that

REEL enrolls STEM majors, the extent to which these students are seeking a research

experience is undoubtedly much less than those of a typical undergraduate involved in

research.  In other words, students often enter REEL courses recognizing that “research”

is an important part of an undergraduate education, but they are unclear what this entails,

are hesitant to have a research experience “thrust upon them”, and do not want the

experience to be detrimental to their grade.

It is valuable, therefore, to consider student perceptions of “research” before taking a

REEL course.  These students, when asked to identify previous research experiences,

usually note involvement with research or independent projects while in high school

(~50%), or as part of a summer job, employment, or within an undergraduate research

project.  However, these experiences inevitably are diverse and difficult to characterize.

Indeed, they often lead to negative preconceptions and make a student wary of their

upcoming REEL experience.  As an entering General Chemistry student at OSU stated on

survey, “I am not really one for research, I actually usually hate it”.  Indeed, part of the

challenge is erasing the negative views students may have following their involvement in

science fairs or other assignments perceived as “required” that lack meaning or value:

I initially thought I would strongly dislike this REEL program. I felt like it

would just be another science fair that, this time, I was unaware I had

signed up for.

(REEL General Chemistry student, end of course survey).

The REEL program, therefore, provides an unusual opportunity to examine the impact of

scientific research on students whose motivation for involvement differs significantly

from other undergraduates enrolled in typical programs aiming to broaden participation

in undergraduate research.

Section Summary

• REEL students are STEM majors enrolled in what they view is a required chemistry

course.  They are vary pragmatic, often being more interested in earning a good grade

than in learning the subject matter.

• REEL student demographics are aligned with those of the partner institutions, i.e.

predominantly Caucasian, slightly more female than male students.

• In General Chemistry students are usually freshman or sophomores.  In Organic

chemistry they are usually sophomores or juniors.
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• These students enter the course with the career objective of attending a professional

or graduate school in science.

• Students, especially those in General Chemistry, usually expect to earn a grade higher

than the one they eventually receive.  This can have implications for their career

objectives.

• Student views of research upon entering a REEL course vary widely and are

frequently informed by high school experiences.

Pedagogy that Supports In-Class Research

Research Modules

The pedagogical strategy for achieving the transition from expository to active learning

laboratory instruction while also broadening participation in undergraduate research has

centered on the development, testing, implementation and occasionally transfer and

dissemination of Research Modules in 1
st
 and 2

nd
 year chemistry courses. Research

Modules have been developed in three areas:  biological/organic,

environmental/analytical and materials/inorganic chemistry.  Across these disciplines

there are several common characteristics of Research Modules and their implementation:

1) Usually 3-5 weeks of traditional laboratory instruction is replaced by a research

module, 2) modules emphasize student ownership of a research project, 3) student

research contributes to an overarching research theme that is informed by an authentic

research program, 4) students work with classmates in small groups and receive “expert”

instruction from instructors, teaching assistants, or Peer-Mentors, 5) hands-on experience

with modern instrumentation, 6) students summarize their findings in research papers,

oral presentations, or poster sessions, 7)  students may have the opportunity to continue

with research and present their work at science symposia.

As initially conceived, Research Modules in each discipline would be designed by a

subgroup of key personnel and institutions, or module development team (MDT) that

spearheaded the development and testing of new modules.   For example, the

biological/organic MDT was to be led by Miami University with partner institutions

including the Ohio State University, Ohio University, the University of Toledo and

University of Cincinnati.  The role of the lead institution would be to coordinate design

efforts around a central thematic area and also to take the lead role in testing and

implementation. Initial versions of the modules were to be implemented in pilot courses

at the lead institution of each MDT to identify best practices.  Subsequent dissemination

and implementation of the modules would commence at partner institutions a year later

and, over a span of five years, perhaps two generations of research modules designed and

used.

This initial plan for Research Module development, however, was soon replaced by one

in which partner institutions designed and implemented their own institution-specific

projects.  In the initial two years of the project the number of Research Modules easily

exceeded the total number predicted for the entire grant period (Table 1).  This reflected
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both the enthusiasm the REEL partners had for the inclusion of research in their courses

and the value placed on having projects well-suited for each institution’s culture,

logistical constraints, etc.

Table 1.  Initial REEL Research Modules, Years 1 and 2.

Partner Institution and Lead

Module Developer

Research Module

General Chemistry

Bowling Green State University (Cable) Analysis of Maumee River Water

Cleveland State University (Wei) Remediation of Toxic Materials

Cleveland State University (Wei) Analysis of Polycyclic Aromatic Hydrocarbons

University of Dayton (Knachel) Synthesis of New Homo-dinuclear Lanthanide

Complexes

The Ohio State University (Woodward) Nontoxic Inorganic Pigment Design

Youngstown State Univ. (Wagner) Mixed Transition Metal Fluorides: Pigment Materials

Wright State University (Lunsford) Electrochemical Sensor Development

Analytical Chemistry

Bowling Green State University (Cable) Analysis of Maumee River Water

The Ohio State University (Olesik &

Clark)

Natural Water Analysis

Organic Chemistry

University of  Cincinnati (Lieberman) Synthesis of Oxazolidinones and Cyclic Carbonates

Columbus State Community College

(Francis)

Pesticide Residue Analysis – GC/MS

Miami University (Taylor) Combinatorial Aldol Dehydration Catalysis

Miami University (Taylor) Suzuki Coupling Reaction

Ohio University (Himmeldirk) Mimicking reactions Catalyzed by Vitamin B1

The Ohio State University (Callam) Carbohydrate Synthesis using Fluorous Tagging

The Ohio State University (Callam) Conformational & Biological Activity

The University of Toledo (Sucheck) Synthesis & Biological Activity of N-aryloxazolidinones

The wide range of Research Modules listed in Table 1 indicates that REEL contributors

quickly viewed the initial model of having a MDT transfer projects to partner institutions

as too restrictive.  Instead, many faculty and staff clearly favored designing Research

Modules that would “work” at their own institution.  To be successful Research Modules

designers needed to attend to several questions.  Would the module be practical (i.e. are

the costs, waste, manpower and instrumentation demands reasonable and sustainable),

research-orientated (do the experiments lead to the generation of new results and

knowledge), educational (does the content reinforce the existing material and foster

critical thinking skills), and motivational (do students get excited about the research and

develop a sense of ownership of the project)?  These design considerations are frequently

informed by the culture of an institution and so it is extremely helpful to have local

leadership from a given REEL partner.

The decentralization of Research Module design was an unforeseen but beneficial aspect

of the REEL program. OCUR-REEL has centralized administration at OSU and issues

relevant for all partners, e.g. coordinating program evaluation, institutional review board
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(IRB) requests, acquisition of modern instrumentation, are managed centrally.  However,

as noted above, a high degree of local autonomy has been retained by each institution,

especially with respect to module design and implementation.  Research Modules work

best when the research interests of the instructor are aligned with the student’s research

questions; with students generating new knowledge and contributing to authentic

research, faculty members have a stronger motivation to see student projects to

completion.  The theme of local ownership is an important one and recurs throughout this

report.

Peer-Mentors

Most REEL Research Modules require expert instructors to guide 1
st
 and 2

nd
 year

students, many of whom may be involved in a research project for the first time, as they

investigate authentic research questions.  In traditional laboratory courses in which

student:teacher ratios may exceed 20:1, it is difficult to provide a level of personalized

instruction suitable for meeting the needs of all students.  For many Research Modules a

much smaller student:teacher ratio is required for successful implementation.   To address

these needs the use of Peer-Mentors has become the norm in General Chemistry REEL

courses at OSU.  These Peer-Mentors are a subset of students who have completed a

REEL module and return to assist and guide the research of other students.  It is not

surprising that Peer-Mentors are employed at OSU.   The very, very large numbers of

students participating in REEL at this institution each year make such a resource both

necessary and (thankfully) possible since many students are interested in returning as

Peer-Mentors.

The views of students completing a REEL module toward their peer-mentors have been

remarkably positive.  As illustrated by the following quote, Peer-Mentors often have a

unique relationship with their classmates:

I think that the Peer Mentor program is a very important aspect of the

REEL Program.  Without the Peer Mentors, I know that our group would

have been lost.  It is a lot easier to get through the REEL Program when

you have somebody there that has done it before, and knows the ropes, so

to speak.  It is better to have Peer Mentors help us with the program

instead of our TAs because it is easier to relate to the Peer-Mentors since

they just did the same project a year before.

   (Class survey response)

The notion that REEL Peer Mentors are uniquely positioned to offer assistance and

perspective in REEL labs is not unlike what has been observed in Peer-Led-Team-

Learning (PLTL) programs across the country.  Students in the REEL project also

appreciate the smaller student:teacher ratio made possible by including additional Peer-

Mentors in the laboratory classes.
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The Peer-Mentors definitely added a lot to the value of the class. It was

nice to work so closely with someone who knew what they were talking

about, and was only assigned to six or seven people.

    (Class survey response)

It is difficult to overstate the importance of Peer-Mentors for facilitating the

implementation of REEL research modules.  For this reason, it is encouraging that many

students are interested in serving as Peer-Mentors after having completed a REEL

module.

Introductory Laboratory Experiments

In addition to research-specific laboratory experiments, REEL courses often replace

traditional laboratory experiments with “introductory” labs designed to prepare students

for their subsequent research experiences.  The introductory labs are needed to provide

students with research-specific required laboratory skills and, equally important, to shift

the instructional style.

The utility and role of introductory labs may be illustrated by examining the manner in

which two different Research Modules are implemented at the same institution.  It is now

common for both an Environmental and a Pigment Design research module to be used

simultaneously at OSU each spring.  As shown in Table 2, there are similarities and

differences across both modules, and in comparison with the traditional instruction for

this course.  Both of these Research Modules include multiples introductory REEL labs

that transition the General Chemistry students from the expository laboratory instruction

they are accustomed to toward inquiry-based assignments that are precursors to their

research projects.

In this example, both Research Modules include “pre-research” laboratory assignments.

For the Environmental Research Module, these assignments include an introduction to X-

ray fluorescence spectroscopy and an open-ended experiment (the “Penny Lab”) that

utilizes three different types of spectroscopy (UV/Vis, XRF, and flame atomic absorption

spectrophotometry) to determine the elemental composition of different U.S. pennies.

The Pigment Research Module has more extensive pre-research assignments that

examine several topics, including d-to-d electronic transitions, optical diffraction, X-ray

powder diffraction, charge transfer transitions, and molecular orbital diagrams.  Students

view preliminary labs as intrinsic to the REEL course and so any assessment of their

REEL-experience should be cognizant of this fact.
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Table 2. Summary of Chemistry 123 course format (lecture and lab) for non-REEL and

REEL courses in Spring 2009 at OSU.
Wk Non-REEL

Lecture Topics

Non-REEL

Lab

REEL

ENV Lecture

REEL

ENV Lab

REEL

Pigment

Lecture

REEL

Pigment Lab

1 Solubility.

Aqueous equil.

Complexomtric

titration,

Ion-Exchange

Solubility.

Aqueous equil.

Complexomtric

titration,

Ion-Exchange

Solubility.

Aqueous equil.

Ksp

determination

Qualitative

analysis

2 Qualitative

Analysis.

Acid-base titration,

Ksp determination

Qualitative

Analysis.

Statistics

Qualitative

analysis

Qualitative

Analysis.

Qualitative

analysis (cont.)

3 Qualitative

Analysis,

Entropy.

Qualitative analysis Qualitative

Analysis,

Entropy.

Qualitative

analysis (cont.)

Coordination

compounds.

Crystal field

Qualitative

analysis (cont.)

4 Thermochem. Qualitative analysis

(cont.)

Thermochem.

Spectroscopy

Qualitative

analysis (cont.)

M.O. theory.

Intro. to color,

Pigments.

Qualitative

analysis (cont.)

d-to-d

transitions

5 Electrochem. Qualitative analysis

(cont.)

Electrochem. Absorption spectra

XRF

Structure of

solids, XRD.

d-to-d

transitions

XRD

6 Non-metals. Qualitative analysis-

Unknown

Non-metals. Penny Lab

(Applied

Spectroscopy)

Non-metals,

metals, alloys.

Charge

transfer

7 Non-metals.

Metallic

bonding, alloys.

Oxid-Red. Titration,

Voltaic cells

Non-metals.

Metallic

bonding,

Alloys.

Environmental

Research

Project

Thermochem. Pigment

Design

Research

Project

8 Transition

metals.

Isomerism.

Electrolytic cells,

Coordination

compounds

Transition

metals.

Isomerism.

Environment

Research

Project

Electrochem. Pigment

Design

Research

Project

9 Coordination

compounds.

Crystal field.

Nuclear.

Absorption spectra Coordination

compounds.

Crystal field.

Nuclear.

Voltaic cells,

Electrolytic cells

Nuclear.

Energy

Changes.

Electrolytic

cells,

Coordination

compounds

10 Energy

Changes.

Fission, fusion.

Finish, Check out Energy

Changes.

Fission, fusion.

Finish, Check out Finish, Check

out

Finish, Check

out

REEL Labs and Lecture topics shown in BOLD

Section Summary

• Research Modules are the primary means by which research is included in REEL

courses.

• Research Modules are quite institution-specific.  The initial plan of having a research

module design team prepare and distribute content was quickly replaced by a model in

which local institutions exhibit greater control.

• Other pedagogical resources, such as Peer-Mentors and pre-research introductory

labs, are used to support the implementation of Research Modules.
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Evaluation of REEL Research Modules

The assessment of a program as far-reaching as REEL is daunting and likely to suggest

more questions instead of providing concrete answers.  The program evaluation has been

in progress for the lifetime of the grant and many different teaching and learning

objectives have been considered by a variety of instruments (Table 3).  The following

sections of this report attempt to bring coherence to REEL’s evaluation and to investigate

its success at meeting the NSF’s vision of an URC.

Table 3. Program evaluation objectives, instruments, and logistical details.

Objective Instrument(s) and/or approach. Sites, period, #

students
Initial description of non-

REEL laboratory

experiments.

Analysis of course and laboratory syllabi

with inquiry rubric.

All REEL sites.

Year 1.

Description of students

enrolled in 1
st
 and 2

nd
 year

Chemistry courses.

Student descriptors such as rank, gender,

career plans, participation in research,

etc., collected on REEL post-course

survey.

All REEL sites.

All years.

N=8341.

Student perceptions of

teaching and learning in

REEL and non-REEL

courses.

Quantitative REEL post-course survey.

Extensive statistical analysis comparing

REEL & non-REEL, examination of

gender differences.

All REEL sites.

All years.

N=8341.

Chemical research

productivity.

Documentation of research publications,

research presentations.

All REEL sites.

All years.

Description of REEL lab

environment.

Qualitative post-course surveys and some

interviews.  Analysis informed by the

Science Learning Environment Inventory

(SLEI).

OSU (General) Env. &

Pigment modules.

Year 5. N=295.

Student rationale for

enrolling in Chemistry

courses.   Student views of

learning.

Classroom Undergraduate Research

Experience (CURE) pre-course survey.

OSU (General) and

Miami (Organic).

Year 6.

N=533.

Student grade expectation

in Chemistry

CURE pre-course survey and registrar

data.

OSU (General). Year 6.

N~200.

Description of REEL

course elements,

comparison with other

programs, and self-

reported student gains.

Classroom Undergraduate Research

Experience (CURE) pre-, post- course

survey.

OSU (General).

Year 5. N~170.

Student reported benefits

following REEL course.

Classroom Undergraduate Research

Experience (CURE) post- course survey.

OSU (General).

Year 5. N~170

Student persistence in

STEM courses

Longitudinal registrar data. Cohorts from Miami

(Organic) & OSU

(General) tracked from

Year 1.
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The evaluation of REEL has focused more on student experiences in 1
st
 and 2

nd
 year

courses rather than on insitituional change.  While much of the data analysis has

distinguished between 1
st
 and 2

nd
 year courses, and, at times, for specific Research

Modules, it has not attempted to distinguish between institutions.  This results in an

analysis heavily skewed toward the larger insititions, such as OSU, Miami, or Toledo that

have had thousands of REEL students, versus those with only one-tenth this number, e.g.

Cleveland State, Youngstown State, or Wright State University.  While this choice was

driven by limits in funding, a benefit is that it results in an evaluation emphasizing those

aspects of REEL that are most novel, i.e. in-class research experiences for courses that

enroll a vary large number of students.  In contrast, modules used at institutions with

smaller REEL enrollment often include practices found in other programs promoting in-

class research (Boyd & Wesemann, 2009; Taraban & Blanton, 2008), e.g. laboratory

resources made available outside of the normal classtime, a clear faculty-student

mentoring relationship, etc., that are not feasible at the larger institutions.

Are REEL Labs Different than Traditional Chemistry Labs?

It is one thing to describe the nature of Research Module, their design considerations, and

supporting pedagogical practices, but how do students perceive these modules and their

involvement with in-class research?   Many of the goals of the REEL program are linked

to student perceptions, i.e. changes in attitudes regarding STEM courses or research,

changes in self-efficacy, etc.  A crucial multi-dimensional question is therefore “What is

the impact of REEL on student perceptions?”  To begin to address this it is valuable to

ask simply “Do students view REEL courses as being different from a traditional science

courses”, and, if so, is this difference attributed to classroom practices that include active

learning and involvement in research?   Finally, it is also important to ascertain whether

gender is a useful descriptor when describing student views of the REEL program.

The question of whether students view REEL experiences as being different is crucial; it

is meaningless to seek to describe the impact of a program that is not perceived by the

participants as different from traditional instruction.  In addition, there are numerous

challenges accompanying implementation of in-class research experience that may

mitigate their influence.  For example, authentic research experiences are made difficult

when the time for the project is limited (<30 hours in most REEL courses) and segmented

into 3-4 hour periods, when a very large number of students must be managed, when the

students have modest laboratory skills, when the students are graded, when student

motivation varies widely, and when instructional laboratory space is used, presenting

logistical challenges, especially in terms of instrumentation.

Student views of “What students do” and “What instructors do” in REEL and non-REEL

courses have been collected in surveys for thousands of students.  Analysis of this

extensive body of data convincingly shows that REEL courses are perceived as being

different from non-REEL courses, especially when compared in General Chemistry.  In

REEL General Chemistry courses students identify aspects of group work (“students are

more likely to argue or debate with one another about the interpretation of data, talk with
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one another to promote learning, consult with one another as sources of learning”) as

being different, based on quantitative surveys, and qualitative responses also support this

notion:

By working in groups I had the opportunity to actually discuss results and

learn about how others view data differently.

The aspects of the program that I enjoyed were working together with a

group and forming a hypothesis. It was very interesting to work with a

group who come from many different experiences to see what everyone

can bring to the table. Working with groups is very important.

I feel I learned so much about research, chemistry, and made so many

new friends in the process.  Usually chemistry lab is just a scary place

where no one talks to each other for the whole quarter, but REEL lab is

definitely not like that.

In addition to identifying group work as a distinguishing feature, students generally view

this characteristic positively.  For examples, on end-of-course surveys for two different

research modules in General Chemistry at OSU, 38% of students identified group work

as a positive aspect of the course vs. 10% a negative one (Environmental Research

Module) and 26% positive vs. 2% negative (Pigment Research Module).

Another difference is that, in REEL, students more frequently “design activities to test

their own ideas”.  Returning to end-of-course survey response, a main reason students

like in-class research is because its format allows independent decision-making,

creativity, and ownership of a project:

I liked the idea that we were able to choose what we wanted to research.

It was good to be able to test something you wanted to research instead of

reading from a book and doing what it tells you.

I personally liked that the project was open ended. From beginning to end

we were in charge or our own research. The help along the way was nice

but it wasn’t so intrusive to make it seem that we were being guided. I

would definitely like to see the ability for students to design their own

procedure kept for next year. I found it to be the most helpful,

I liked that we were given so much room to do what we wanted but yet

we were still guided through it enough to get our desired results.  It

allowed you to think for yourself.

In contrast to these views of REEL courses, non-REEL courses are more likely to be

perceived as places where students “take notes and listen to lecture”, “memorize

scientific facts”, and “learn science by studying the course textbook”.
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Student perceptions of REEL and non-REEL courses also seem to be related to the

gender of the student and the nature of the REEL course, i.e. General vs. Organic

Chemistry.   Beginning with the 2007-8 survey data the subscales of “What instructors

do” and “What students do” were analyzed with Item Response Theory (IRT) – the Rasch

Model – to compute a linear subscale measure.
2
  When data are analyzed in this way,

female students are far more likely to view the teaching and learning practices as being

different in REEL courses when compared with non-REEL courses in both General and

Organic Chemistry (Table 4).  In contrast, the male students’ perception of REEL’s

novelty is primarily reflected in their views what students do in General Chemistry.

Table 4.  Student views of “What instructors do” and “What students do” in REEL and

Non-REEL courses.  An “X” indicates a statistically significant difference (p<0.05) when

comparing the REEL vs. the non-REEL course.

Female

General Chem.

Female

Organic Chem.

Male

General Chem.

Male

Organic Chem.

Instruc. Student Instruc. Student Instruc. Student Instruc. Student

2007-8 X X X X

2008-9 X X X

2009-10 X X X X X

2010-11 X X X X X X

The strong correlation between gender and student views of teaching and learning

practices is persistent.  To examine this finding more fully, CURE survey data were

analyzed in terms of gender for questions probing student views of themselves in science

classes and about science in general.  Consistent with the findings from Table 4, this

analysis demonstrates that gender is an important factor and female and male students

often bring different perspectives to their science classes.

The data provided in Figure 6 may be used to paint a very clear picture of the “male” and

“female” perspective in these courses.  It appears that male students are more confident,

expressing greater satisfaction will independent problem-solving, and being more willing

to take ownership for their learning.  In contrast, female students are more likely to

express a preference for direct instruction and not having to “figure things out”

independently.

                                                  
2
 The Rasch approach allows for the comparison of responses of cohorts of subjects

across different years and/or different locations.  It addition, it accommodates missing

data, e.g. when respondents fail to reply to all items on a questionnaire.  Also, this

technique converts non-linear rating scales such as the ones used in this evaluation to

linear ones, allowing the use of parametric statistical tests.  Additional information

provided in Kahle & Li, 2011.
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the work so that we can learn it ourselves”

“Even if I forget the facts, I’ll still be able to
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scientific problem by figuring it out myself.”

“I can do well in science courses”
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what we need to know so we can learn it.”

5=strongly agree

Female

Male

Figure 6.  CURE survey data examining student opinions about oneself and about

science, 5-point Likert scale.  Administered at OSU (General) and Miami (Organic).

Questions with statistically significant differences based on gender (female, n=195, male,

n=164) are shown; higher male responses in the top, higher female responses in the

bottom.
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It would be erroneous, however, to conclude that the confidence of male students is a

reflection of a more epistemologically advanced position.  Indeed, these survey responses

suggest that the female students are more likely to view aspects of learning science in a

relativistic manner, or in Belenky’s terminology (Belenky et. al., 1997) as subjective

knowledge, where truth and knowledge are conceived of as personal, private, and

intuited.  Males, in contrast, appear to be more dualistic, relying on scientific findings to

be correct and true.  Overall, these results suggest that female students perceive REEL

courses as having more student-centered elements and that such course components will

be viewed less favorably.

Section Summary

• Students view REEL courses as being different than non-REEL ones.

• These differences are consistent with REEL’s inclusion of teaching and learning

practices often associated with active learning, e.g. group work, greater student

decision-making, student design of activities to test a hypothesis, and away from an

expository instructional style.

• Female students are more likely than males to distinguish REEL courses as being

different from non-REEL ones.

• REEL’s General Chemistry courses are more likely to be viewed as different than

REEL in Organic Chemistry, especially among the male students.

• Female students in both General and Organic Chemistry may be less likely to express

a preference for student-centered teaching and learning practices.

REEL Labs and Other Undergraduate Research Experiences

In addition to comparing the view of students in REEL and non-REEL course at partner

institutions in the Ohio Consortium for Undergraduate Research, it is also valuable to

consider how the REEL program compares with other programs that promote student

involvement in undergraduate research.  As discussed earlier, the goal of broadening

participation in research is an extremely popular one nationwide with scores of higher

education institutions implementing varied programs.  A very important contributor in

terms of documenting and analyzing student perceptions of these programs has been

David Lopatto at Grinnell University (Lopatto, 2007; Lopatto, 2008; Lopatto, 2009).

Many institutions have used his Survey of Undergraduate Research Experience (SURE)

as a quantitative instrument for describing and analyzing the elements and benefits

associated with undergraduate research.  A comparable instrument, the Classroom

Undergraduate Research Experience (CURE) survey, has also been used extensively

when examining in-class research experiences like those in REEL courses.  Once again,

as with the SURE survey, a significant advantage of the CURE survey is that it affords

comparison between different programs.

On the CURE survey students are asked, at the start of the course, to assess their prior

experience with different course elements on a 5-point Likert scale.  As shown in Figure

7, General Chemistry students enter a REEL course far more familiar with expository-

style labs than with inquiry-based ones.  Indeed, students at OSU consistently rank their

experience below those of students at other CURE-surveyed institutions when it comes to
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open-ended tasks such as participating in labs where no one knows the outcome.   The

CURE post-course survey has a similar question, but this time asks students to identify

the gains they made from taking the course (again on a 5-point scale).

As might be expected, students identify the greatest gains when it comes to those aspects

of laboratory instruction that are new to them.  In the case of REEL Research Modules

this is demonstrated in the prominent gains when it comes to projects where students

have input into the project.  Also, it does appear that different Research Modules may do

a better job of offering students the opportunity to design their own project; for logistical

and pedagogical reasons the Environmental Research Module is more open-ended than

the Pigment Design Research Module and the student perceptions of the corresponding

laboratory experiences reflect this point.

Figure 7. CURE survey responses for General Chemistry students involved in different

REEL Research Modules at OSU (Spring 2010).
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Figure 8.  Course elements and reported gains for the Pigment Design Research Module

(top) and Environmental Research Module (bottom). The pre-course survey asked

students to assess their prior experience on a 5-point scale where 1 = “no experience or

inexperienced”, 5 = “student has mastered the element”.  On the post-course survey

students were asked to rate the gains they may have made as a result of taking the course.
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In addition to instructional style, the CURE instrument employs the same pre-, post-

format to have students describe their experiences with different course elements and the

subsequent gain they associate with taking the course.  Portions of these results are
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shown in Figure 8 for students completing the Pigment Design and the Environmental

Research Modules.  A shown by the blue bars, students enter a REEL General Chemistry

course very experienced with working individually, collecting and analyzing data,

maintaining a laboratory notebook, and then reporting their results in a written report.

This is unsurprising since such laboratory tasks are entirely consistent with traditional

expository laboratory instruction.  Indeed, the students also report a very high level of

familiarity with a traditional lecture, i.e. listening to lecture and reading a textbook.

One can consider the changes associated with REEL by examining those areas that

students report the strongest gains.  Once again, unsurprisingly, such an analysis reveals

that students associate the strongest gains in those areas they have the least experience

with upon entering the course.  For example, REEL students report greater gains in terms

of group vs. individual work, and also noteworthy gains when it comes to writing a

research proposal.  Of particular interest is how the REEL students view their experience

with communicating scientific information.  Instead of discussing laboratory experiments

with just written reports, students now are gaining the ability to present findings orally or

in posters, and are developing the ability to critique the work of peers.  All of these gains

are consistent with those reported by students involved in undergraduate research at other

institutions and are consistent with characteristics of authentic research experiences

(Lopatto, 2008).

Once again, analyis of CURE data suggests that some differences in gains may be

attributed to the design of a particular Research Module.  For example, students

participating in this Environmental Research Module were more likely to identify gains

in terms of analyzing data.  This appears to be a meaningful difference, consistent with

the fact that the Environmental research project was highly quantitative and included

additional instruction in statistical analysis of data.  In other words, the CURE survey

seems to be an instrument capable of probing subtle differences in student perceptions of

in-class research experiences.  More work should be done to confirm this hypothesis.

The CURE survey also considers student-reported benefits in areas associated with

involvement in research (Table 5).  In this case, comparisons can be made between

students involved with different REEL Research Modules, students in other in-class

research programs (all CURE students) and students in undergraduate research programs

that are not part of a class (all SURE students).  As shown in Figure 9, the experiences of

students in in-class research programs are comparable to those of students in more

extensive research programs, albeit less intense.  A key tenet of advocates of in-class

research experiences is that, to the extent these in-class experiences approximate other

undergraduate research experiences, it is reasonable to expect students will benefit in a

similar manner (Chinn & Malhotra, 2001).  In the case of the two Research Modules

examined here, students generally identify more pronounced gains with the

Environmental than with the Pigment Design Research Module.  As expected, these gains

are smaller than those associated with the SURE students, a reflection of the constraints

of implementing in-class research in a large enrollment class.  It is noteworthy, however,

that REEL students are reporting gains comparable to other in-class research programs,

the majority of which operate on a much smaller scale than does REEL. Finally,
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assessment of this kind is formative and can lead to modifications of the REEL labs

themselves, e.g. by recognizing that these Research Modules did not do enough to

communicate the ethical conduct associated with research, or the role of primary

scientific literature.

Table 5.  Learning gains associated with involvement in undergraduate research, as

examined in the SURE & CURE surveys (Lopatto, 2009).
1 Clarification of a career path 11 Understanding science

2 Skill in interpretation of results 12 Learning ethical conduct

3 Tolerance for obstacles faced in the

research process

13

Learning laboratory techniques

4

Readiness for more demanding research

14 Ability to read and understand primary

literature

5 Understanding how knowledge is

constructed

15 Skill in how to give an effective oral

presentation

6 Understanding the research process 16 Skill in science writing

7 Ability to integrate theory and practice 17 Self-confidence

8 Understanding how scientists work on real

problems

18

Understanding how scientists think

9 Understanding that scientific assertions

require supporting evidence

19

Learning to work independently

10 Ability to analyze data and other

information

20

Becoming part of a learning community

Figure 9.  Student reported learning gains (listed in Table 5) for the Environmental and

Pigment Design Research Modules (Spring 2010, OSU), other in-class research

experiences (“All CURE students”) and summer research experiences (“All SURE

students”).
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Several of the learning gains accompanying involvement research may be attained by

well-designed learning experiences, e.g. skill in science writing or reading and

understanding primary literature.  Others, however, are more difficult to communicate

without the student’s direct involvement in an authentic research experiences.  For

example, tolerating obstacles faced in the research process is an abstract concept that

does not acquire meaning until the researcher has such an experience.  A similar

generalization may be made for objectives such as clarifying career path, understanding

the research process, gaining confidence, and developing a readiness for more demanding

research.
3

Section Summary

• With the SURE and CURE surveys the REEL program may be compared with other

programs involving undergraduates in summer or in-class research experiences,

respectively.

• Consistent with other in-class research programs, REEL students enter the course

most familiar with expository style instruction.  Following REEL students express the

strongest gains in contributing to projects where they have input into the process or

topics.

• When examining specific course elements included in REEL Research Modules,

students’ gain the most experience in those areas not included in expository-style

instruction, e.g. group work, becoming responsible for part of a project, writing a

research project, presenting results orally or with posters.  Some distinctions may also

be made depending on the design of a particular Research Module.

• The learning gains associated with REEL Research Modules are comparable with

other in-class research experiences and less pronounced than those associated with

summer research opportunities.  Again, distinctions may be made depending on the

design of a particular Research Module, and information like this can be used

formatively.

• REEL’s inclusion of in-class research experiences is resulting in learning gains in

areas related to research that are difficult to experience in other ways.

REEL Labs & Student Satisfaction

The REEL program has the objective of broadening participation in undergraduate

research, but a Research Modules must also be consistent with the content learning

objectives for the course it supports.  This, of course, is a criterion not relevant for

undergraduate research experiences that are independent of a course (i.e. the kind of

research opportunities the SURE instrument typically evaluates).  As discussed above,

however, this is one of the important design considerations that must be attended to when

                                                  
3 For more discussion of this topic see “Are the gains from Research Unique?”in Laursen,

et. al, 2010.
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preparing a Research Module.  Also, is it desirable to have students’ perceive REEL labs

as positive experiences and so student satisfaction is quite relevant.

One initial observation is that the student’s research experience is enriched when their

research question is informed by the research interests of the instructor.  Another benefit

of this alignment seems to be that instructors can better integrate the laboratory

experience with the lectures portion of the course.  At smaller institutions a division

between laboratory and lecture is not the norm since the course instructor often takes on

both responsibilities. At larger institutions, however, such a division is commonplace.  It

has long been known that students prefer courses that integrate the laboratory and lecture

portions of a course.  With REEL courses, especially those in which the Research Module

is closely related to the instructor’s interests, such integration is feasible.  As students

frequently note on end-of-quarter surveys, integration can be one of their favorite aspects

of the course:

I learned so much more from it than a regular lab because it coincided

perfectly with the class material,

This is the first chemistry class where I felt like the labs coincided with

the material we were learning in class,

REEL closed the disconnect between lab and lecture,

In previous chem. classes I just tried to memorize concepts but I didn’t

know how to apply it.  REEL labs greatly enhanced the material I was

learning in lecture because I had to actually use what I learned,

REEL was the best thing I have experienced thus far in Chemistry.  The

old “cookbook” labs were not related to what was happening in lecture.

The REEL labs complimented lecture and it was a good way to learn the

material.

And, conversely, when the integration is lacking or not made clear to the students, REEL

courses leave the students with a negative viewpoint:

An aspect I did not like was that it did not have anything to do with

the subjects we were learning in lecture.  I do not know what labs

would have been assigned if we were not doing the REEL labs, but

I think they might have helped us better understand the lectures.

I would advise students to enroll into a non-REEL program because it was

unnecessary to research all of these things when we were not being taught

the information in class. It was way too difficult for this level of

chemistry.
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Researchers investigating student satisfaction in instructional laboratories (Fraser, et. al,

1995, Henderson, et. al. 2000) have identified integration with other course components,

especially lecture, as a key determinant. The findings here support this claim and are

unsurprising.  Recalling that the students enrolling in REEL courses are rarely seeking a

research experience, but instead a good grade in a required course, course components

that make attaining a satisfactory grade difficult will be viewed quite negatively, with the

poor integration of lab and lecture being a prime example.  It is noteworthy, however,

that Research Module designers can do more than simply avoid this pitfall.  They can

include authentic research experiences that are much more closely integrated with lecture

than are traditional labs, thereby greatly improving student satisfaction with the course

(Table 6).

Table 6.  Description of REEL Research Modules at OSU, informed by the

characteristics included in the Science Laboratory Environment Inventory (SLEI).

Laboratory

Dimension

Expository

Lab

Environmental

Chemistry

Modules

Inorganic/Materials

Chemistry

Modules

Organic

Chemistry

Modules

Open-endedness Very Low Very High High High

Group work,

student

cohesiveness

Low High High Moderate

Integration with

content learning

Variable Moderate to

High

Moderate to High N/A (Lab

often separate

from lecture)

Material

environment

--- --- --- ---

Rule clarity Very High Moderate Moderate Moderate

Authenticity,

doing “research”*

Very Low High High High

*Research authenticity is not included in the SLEI.

Student satisfaction with REEL Research Modules is usually quite high.  Typically, when

REEL students are surveyed following a General Chemistyr Research Module, 80-90%

recommend REEL over non-REEL courses to their peers.  The following comment is

representative:

(I recommend) REEL, hands down.  The whole experience was great.   I feel

I learned so much about research, Chemistry, and made so many new

friends in the process.  Usually Chemistry lab is just a scary place where no

one talks to each other for the whole quarter, but REEL lab is definitely not

like that.
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Those students that are less enthusiastic express the fact that the non-expository format of

REEL courses may not suit every student:

It depends more on their personality. If they are more the type to blindly

follow directions then do not (enroll in REEL), but if they are getting sick

of just working out of the book than I would advise them to get into the

REEL class,

Also, in terms of student satisfaction, gender does not seem to be an important factor.  As

noted above, female students often may be less willing to undertake open-ended tasks

relative to their male counterparts, or to express less confidence.   However, female

students still have a very high level of satisfaction when they solve scientific problems

and succeed in science courses.  REEL demonstrates that students are willing to move

beyond narrowly-defined expository labs, especially if the open-ended labs replacing

them are well-designed, fairly graded, and integrated with the rest of the course.  It is not

open-endedness that leads to student dissatisfaction, but rather when the other dimensions

of the laboratory experience, e.g. rule clarity or the material environment, do not meet the

students’ expectations.

Section Summary

• Integration of laboratory and lecture course components strongly affects student

satisfaction of introductory chemistry courses.  Integration, or lack thereof, may be

more significant when students are involved in in-class research projects and/or when

their principal for enrolling is to earn a good grade in a required course.

• Having the course instructor invested in the Research Module may be an important

factor for facilitating this integration and, indeed, can make a REEL course much more

integrated than a traditional course offering.

• Student satisfaction in REEL courses is very high and gender does not seem to be an

important factor.

The Longitudinal Impact of REEL

As discussed above, upon entering REEL courses students are interested in STEM

careers but not necessarily research (and certainly not chemical research).  These

introductory courses are a “requirement” and, for most students, the grade they receive

will be below their pre-course expectations.  The REEL course format is quite different

than the expository instructional style the students will have experienced prior to REEL

and challenges them to grow intellectually.  Following involvement with REEL many

students express profound changes win how they view research and their willingness to

pursue other research opportunities:

Personally, research scared me because I knew nothing about it.  Now I

know it is not that scary and can be brought down to the level that I

understand.  I believe it has given me confidence I need to make the next

step.  I had an interview today for a lab position for the next coming year,
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The REEL program was incredibly beneficial for me because there are

many opportunities with the College of Biological Sciences that require

research experience.  Participating in REEL allows me to have some

experience in research,

This program reminded me that chemistry is actually a very applicable

science, which is something I often forget in General Chemistry…(This)

inspired me to continue to find research opportunities anywhere I can

find them.  Research really is not a dull process, but an exciting learning

experience that has really opened my mind,

To study the impact of REEL on the academic careers of students longitudinal data was

first gathered from the registrars at OSU and Miami and analyzed multiple ways to

examine the importance of student descriptors like gender, math ability, and course

grades on STEM persistence.  Then, the longitudinal analysis was expanded to consider

these historical enrollment patterns in light of participation in a REEL course, with

cohorts of students from REEL’s first General Chemistry Research Module (at OSU) and

first Organic Chemistry Research Module (at Miami) being examined. While this is a far-

reaching and on-going investigation, a few preliminary generalizations are possible (see

Table 7).

Table 7.  Significance (or not) of different factors for predicting STEM persistence.

STEM persistence was defined in terms of different outcomes, based on student cohort,

and several analysis approaches were utilized, such as regression analysis and calculation

of Chi
2
 (see discussion in accompanying report).  A “positive” entry indicates a positive

correlation between the factor and the outcome, a “negative” entry a negative one.

Cohort OSU General

Chemistry

Miami Organic

Chemistry

Miami Organic

Chemistry

Outcome Subsequent

enrollment in

STEM courses

Graduation in

STEM discipline

Subsequent

enrollment in

research courses

Possible Factor

Grade in Course Positive Positive Positive

REEL Labs Not significant Positive (Chi
2
),

Not sig. (regression).

Not sig. (Chi
2
)*,

Negative (regression)

Race/Ethnicity Not significant Not significant Positive for

minorities

Math Ability Positive Not significant Not significant

Gender Not significant Not significant Not significant

Previous Chemistry

Grades

N/A Negative Not significant

Upper-class status (e.g.

juniors in sophomore-level

course).

Negative Negative Negative

*Sophomores who studied a REEL module and did not enroll in subsequent research was higher than

expected.
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The graduation patterns of students following completion of Organic Chemistry at Miami

have been investigated.  Would the number of students graduating in STEM fields be

affected by participation in REEL?  Historically, of those students that complete Organic

Chemistry at Miami and go on to graduate, about 75% end up with degrees in a STEM

major and 25% end up with a non-STEM degree.  Statistical analysis demonstrate that

factors such as race or gender are not significant predictors of graduating in STEM

among these students.  The students’ grades in the Organic Chemistry course, however,

are significant.  After controlling for variables such as ACT or SAT math scores one

finds that students with higher grades in the Organic Chemistry courses are 70% more

likely to graduate with a STEM major than those with poor grades.  Students that “do

well” in Organic Chemistry have overcome a noteworthy hurdle and are much more

likely to persist and remain in a STEM discipline.

When the analysis is expanded to include participation in REEL one finds that former

REEL students are more likely to graduate with a STEM degree than their

counterparts who completed a non-REEL Organic Chemistry course at Miami (Figure

10). For students of sophomore rank and beyond (sophomores+), a statistically significant

increase is noted for students participating in REEL.  The increase is more pronounced

when the comparison is between only sophomores (the “on-sequence” students) in REEL

vs. non-REEL Organic Chemistry courses, with a >10% gain being observed.

Figure 10.  Registrar data from Miami University showing the percentage of students

graduating with STEM vs. non-STEM majors following completing of Organic

Chemistry.
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The enrollment of students in independent research courses at Miami has also been

investigated.  Historically, very few students enroll in independent research courses at

Miami, e.g. between 2000-2009, 83% of the students did not enroll in any independent

research courses and 95% enrolled for 3-credits or less.  The importance of experiences

in Organic Chemistry courses for affecting subsequent enrollment in independent

research at Miami is mixed, as one’s grade in the lab portion of the course seems a

significant predictor, whereas the grade in the lecture portion is not important and the

participation in a REEL module may be a negative influence.  Once again, the culture at

Miami and the relative small number of students seeking independent research

experiences are important considerations that inform any inferences regarding programs

(like REEL) that aim to influence student enrollment patterns.  Is there evidence that

REEL has changed the research culture at Miami with an increasing number of

undergraduates participating?  The answer seems to be “No, not yet”.

When considering the influence of REEL on General Chemistry students at OSU a

conservative approach was taken.   Most students take General Chemistry as freshman

and so linking a 1
st
 year REEL experience with a distant academic objective, such as

graduation major, is tenuous.  Instead, STEM persistence was gauged by examining

historical enrollment patterns following completion of General Chemistry at OSU and

determining which factors predict subsequent enrollment in STEM courses.

An initial finding, based on the statistical analysis summarized in Table 7, is that Organic

& General Chemistry courses are different experiences for the students, a finding that

may be attributed to differences in content, pedagogy, the intellectual development of the

students, other coursework, etc.  The grade in a particular course clearly influences

subsequent outcomes for both courses, e.g. persistence in STEM courses following

General Chemistry, eventual graduation in STEM field following Organic Chemistry.

However, math ability is also a useful predictor for those students that complete General

Chemistry and it is not for Organic Chemistry. It should be noted that math ability is a

predictor for subsequent enrollment in STEM following General Chemistry and it is also

linked to gender (males scoring higher).  Analysis of both of these descriptors, however,

indicates that gender is not a significant predictor; it is the math ability score independent

of gender that predicts STEM persistence for General Chemistry students.  Also, other

analysis suggests that students do not need to have cumulative successes in chemistry

courses to persist and graduate in a STEM discipline, as shown by the fact that General

Chemistry grade is an insignificant or even negative predictor for Organic Chemistry

students proceeding to STEM graduation at Miami.  This point requires additional study,

but it appears that the wide range of STEM fields affords opportunities that are not

predicated on success in General Chemistry.

Unlike the grade earned in General Chemistry, factors such participation in REEL,

gender, or race/ethnicity are not significant descriptors for subsequent enrollment in

STEM courses at OSU.  The finding that gender is not an important factor (either with or

without REEL) is consistent with the observation that female students do not have a less

favorable view of REEL research.  The female students are more likely to view the

experience as different than non-REEL course, and may express a greater hesitancy to
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undertake open-ended laboratory tasks in comparison to males, yet their overall

satisfaction with REEL courses is not different and their subsequent enrollment in STEM

courses does not differ either.

The influence of involvement in REEL courses, therefore, is mixed.  The first iteration of

REEL courses does not seem to have had a large-scale affect on subsequent enrollment in

STEM courses following General Chemistry.  However, there is evidence that STEM

graduation may be positively affected after a REEL research experience in Organic

Chemistry, especially for students choosing to major in Chemistry. This is not

unexpected since involvement in undergraduate research generally has a modest

influence on influencing career plans, on the order of 5-10% of students being affected

(Lopatto, 2009).  Also, programs that provide students with research experiences often

help students better understand the nature of research work (Laursen, et. al. 2010) and it

is not uncommon for this understanding to result in a move away from career aims

involving STEM research (Kardash, et. al., 2008).  Further study is needed to better

describe REEL’s impact in this area.  Also warranting further attention is the role that

grades play in STEM persistence.  REEL labs in General Chemistry are usually joined

with the lecture and comprise a very small portion of the final grade and/or most students

earn comparable grades in lab.  In Organic Chemistry courses, however, the lab is often a

separate course.  What are the implications for separating the lab and lecture?  How

should students be graded in lab courses that include in-class research?  How should

group work be graded in lab?  Given the primacy of grades for affecting STEM

persistence, and the dramatic disconnect between a students expected and actual grade,

such questions are definitely worth pursuing.

At the institutional-level, unlike the experience at Miami University, the Department of

Chemistry at OSU has experienced a dramatic change in how undergraduates participate

in research.  As shown in Table 8 and Figure 11, prior to REEL, undergraduates

participated in either Honors research or independent study research (for students not in

the Honors program) an average of 95 times each year when totaled for the fall, winter,

and spring quarters.  When REEL first began in 2005-2007 these numbers were virtually

unchanged with only a modest increase being found as some students began to be Peer-

Mentors.  With the maturation of REEL, however, an entirely new research paradigm has

taken hold.  In the period from 2007-present the number of times students participated in

independent study research has approximately doubled and a large number of students are

involved as Peer-Mentors.   Other factors beyond the REEL program may be affecting

these trends, however it is noteworthy that REEL’s philosophy of inclusion has favored

non-Honors students and it is there that a huge increase is found.  Indeed, over this time

frame of 13 years the number of participants in Honors research has been unchanged.
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Table 8. Enrollment of undergraduates in research courses, OSU Department of

Chemistry. Data summed across quarters and grouped by academic year (Fall-Winter-

Spring).  Average number of times students participated is listed.

Time Period In  RESEARCH

COURSES

In HONORS

RESEARCH

PEER-MENTOR

TRAINING

Combined

yearly total
Non-REEL

1998-2005

69.1 26.8 N/A 95.9

REEL

2005-6 and

2006-7

68.5 27.5 10.0 106.0

REEL

2007-08 to

present. Change

with respect to

non-REEL.

136.2

+97%

27.0

None

57.5

N/A

220.7

+130%

Figure 11. Increase in number of undergraduates in research in the OSU Department of Chemistry

following implementation of REEL courses.
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Overall, the analysis of enrollment patterns at two institutions (OSU and Miami) suggests

that initial Research Modules had some influence on subsequent STEM persistence

objectives.  Following completion of a 2
nd

 year Research Module students appear more

likely to graduate in a STEM discipline in comparison to those that took a non-REEL

course.  There is not a correlation between subsequent enrollment in STEM courses for

students examined here that completed a General Chemistry Research Module.  For both

of these introductory courses the common factor affecting subsequent STEM outcomes is

certainly the grade in the course.  This finding is consistent with the earlier discussion of

who enrolls in REEL courses, their motivation for taking the course, their career aims,

and their predicted vs. actual grade.  The students enrolling in introductory courses

appear to be very pragmatic, with a primary objective of earning a good grade and

continuing on toward a post-graduate career.

In some respects, these preliminary findings suggest that while the impact of an

institution’s REEL program may be modest of the students, the opposite, i.e. the REEL

students’ impact on the institution, may be significant.  The dramatic change in the

frequency with which undergraduates participate in chemical research at OSU is one

manifestation of this influence and is consistent with NSF’s vision of having a URC

“enhance the research capacity, infrastructure, and culture of participating institutions”.

Another is the fact that the inclusion of authentic research in REEL courses has made

possible the transformation of labs from ones with narrowly-defined expository-style

instruction to open-ended inquiry-based experiences.  As STEM education reformers

have convincingly demonstrated, such a transformation does not come easily.  However

when open-ended labs are joined with the complementary aim of broadening

undergraduate participation in research their acceptance by more stakeholders appears

possible.

Finally, it should be noted that involvement in undergraduate research is usually not cited

as stand-alone factor that affects student retention in STEM disciplines, but rather that

those factors that do affect retention, e.g. the nature of one’s peer-group, the quality and

quantity of student involvement with faculty outside of class, the balancing of a student’s

social and academic commitments, the experiences that make coursework more relevant,

etc., may be enhanced by undergraduate research (Pascarella & Terenzini, 2005).  The

more successful programs for improving student retention, like the Undergraduate

Research Opportunity Program at the University of Michigan (Hathaway, et. al. 2002),

recognize that their efforts must be holistic and cannot stop when the student leaves the

laboratory.  The evidence here suggests that participation in REEL research is a useful

introduction to research, but gains will only be realized if a supporting structure exists to

foster and encourage those students interested in pursuing STEM research.  At OSU the

Department of Chemistry has been positively impacted by REEL and the resulting

change in the culture of undergraduate research is obvious.  The fact that most students in

these introductory courses are not chemistry majors, however, means that other

departments and faculty in other STEM disciplines must step up and improve their

support network for involving students in research if they are to benefit from the

enthusiasm REEL instills in many of its’ students.
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Section Summary

• It is common for students, following completion of a REEL lab, to express a

willingness and enthusiasm for future research opportunities.

• After completion of an Organic Research Module (at Miami), a higher proportion of

students graduated in STEM in comparison with those completing a non-REEL version

of the course.

• The primary factor predicting student persistence in STEM following completion of

introductory Chemistry courses is the grade they earned in the course.  This factor is

much more important than others such as gender, ethnicity, or participation in REEL.

 • There is evidence that Chemistry departments at some REEL institutions, in

particular at OSU, are entering a new research/curricular paradigm with much greater

undergraduate involvement.

Generating and Communicating Chemical Knowledge

Contributors to the REEL program have taken seriously the call to make this

Undergraduate Research Center a site for generating and communicating new chemical

knowledge.  The generation of new chemical knowledge speaks to the authenticity of a

student’s research project and is a quality that distinguishes research from other in-class

experiences that also include inquiry-related tasks.   It is difficult to see how the NSF’s

aim of expanding the research capacity, infrastructure, and culture at participating

institutions can be met without having the undergraduate research projects be meaningful

for students and faculty alike.  This meaning is made most tangible when the products of

the research experience are communicated to others through publications and research

presentations.

As discussed previously, students in REEL courses often develop and enjoy a sense of

ownership accompanying their involvement in a research project.  This may be

heightened if the students view their project as having importance and significance.  For

the majority of students in non-REEL courses, the single most important quality of a

laboratory experience is how it will affect their grade in the course, either directly or

when it bolsters (or detracts from) their lecture grade.  With REEL, laboratory

assignments may take on added meaning when students perceive their results are

significant and others will be interested in their findings. As a student remarked on a

survey following participation in an Environmental Research Module,

(REEL) showed me how difficult research and science can be, but also

how great it is to find results that relate to current issues.  It proved that

even young students can discover things that affect the environment and

the world we live in.
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Since the communication of research results is valued, students in REEL courses

routinely share their research findings with peers in a variety of ways, e.g. oral

presentations and poster presentations.  REEL has also been a leader in using technology

to explore new ways to disseminate research findings, including student-produced digital

videos and web-sites (see http://digitalunion.osu.edu/r2/summer09/mason/).  The

development and use of such resources, while an unanticipated need, has resonated with

educators beyond REEL and best-practices in this area have extensively shared at science

education conferences.

The observation that students may find added meaning when their work is valuable to

stakeholders outside of the course framework is not unique to REEL.  Indeed, the well-

established and far-reaching service-learning strategy for teaching and learning, which

runs the gamut from kindergarteners to college students, from the sciences to the arts,

from urban to rural locations, is predicated on the belief that meaningful integration of

classroom learning and problem-solving to serve the needs of a broader community

(when coupled with student reflection) enriches the learning experience.

In terms of REEL Research Modules, the connection of student research to a broader

community of stakeholders has multiple dimensions.  For Research Modules involving

Environmental Chemistry, for example, the social dimension to their research may be

obvious as samples are collected from local neighborhoods, schools, residential areas,

etc.  For other types of research, however, such as drug-design or pigment synthesis, the

connection to an end-user is less direct.   The community in these later cases is comprised

of other scientists and researchers invested in similar research questions.

One means for reaching a broader community of stakeholders is through conference

presentations.  The involvement of REEL students at science conferences has been a

prevalent feature of REEL from its inception. A priority of REEL has been to go beyond

the course-specific opportunities and have students discuss their research at research

symposia and conferences.  As shown in Figure 12, presentations have been made at

different types of conferences with the most common venue being at REEL-sponsored

symposia.  Regional American Chemical Society meetings (such as the Central Regional

Meeting of the American Chemical Society, CERM), chemical educational meetings

(such as the Biennial Conference on Chemical Education, BCCE), national ACS, and

other technical or educational meetings comprise the remainder. A comprehensive list of

the presentations is found later in this report for each partner institution.
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Figure 12.  Distribution of REEL-related presentations by students and faculty across

different conferences and symposia.

The presentation of REEL-related research findings began quite early in the program’s

history (Figure 13).  Since the program’s inception the number of contributors has grown

and has been consistently high, resulting in the impressive total of ~250 presentations in

5 years.   Many presentations were made in year 1 and year 2 of the program, a result of

several factors including 1) the rapid expansion of Research Modules to partner

institutions at a faster than expected rate, 2) the suitability of initial Research Modules for

producing results contributors could share, 3) the willingness of faculty and staff to work

with students to continue projects, analyze date, prepare posters, etc., 4) the availability

of logistically tenable conferences to attend in terms of scheduling, travel, and cost, and

5) the appropriateness of poster sessions for presenting preliminary research findings.

Figure 13.  Longitudinal data showing the number of REEL-related presentations at

specific conferences or presentations.
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Figure 14.  REEL-related presentations by year and institution.

The extent to which

students from different

partner institutions

contributed to research

REEL-related presentations

is shown in Figure 14.  As

one might expect,

representatives from the

largest REEL institution

(OSU) had the majority of

the presentations, about

one-third of the total for the

entire consortium.  What is

surprising, however, is the

very large number of

presentations by students

from Cleveland State

University (CSU).

The unusually high number of presentations derived from Cleveland State University

contributors may also be expressed by considering the number of students involved in

REEL courses at a particular institution and the number of presentations (Figure 15).

The exceptional output

from students at

Cleveland State

University is due to all

of the factors noted

above.  The CSU

faculty supporting

REEL are committed

to having their

students share research

results at conferences

and the Research

Modules used at

Cleveland State

University have been

excellent vehicles for

promoting student

research.
Figure 15.  REEL-related presentations and the number of

students in REEL courses from across the consortium.

Interestingly, the Research Modules at CSU are the most student-centered among all

REEL institutions in that students work in small groups on projects of their own design

that are only loosely related to those of their classmates (details given below).  This is in

contrast to Research Modules that place a greater emphasis on class research cohesion.
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Finally, in terms of REEL-related presentations, the importance of willing faculty or staff

for guiding student researchers and/or communicating their own REEL research or

educational experiences cannot be understated.  REEL Research Modules are in-class

experiences and opportunities to present research findings rarely coincide with the timing

of a course’s term.  Instead of having a science conference neatly fall at the end of a term,

such events are generally months later, well after the student has completed their REEL

class.  The responsibilities of the research mentor, therefore, are many; to be aware of

such opportunities, to identify and recruit former REEL students to participate, to work

with the student research groups, and often to arrange transportation and provide

supervision.  While all partner institutions have had research coordinators offer such

support, a small number have had an outsized contribution; Ted Clark (OSU, 48 student

or individual presentations) Steve Sucheck (University of Toledo, 20 presentations),

Robert Wei (Cleveland State, 18 presentations), and Patrick Woodward (OSU, 18

presentations) contributed to about 40% of all REEL presentations.  This may have

implications for the growth and sustainability of REEL in the future.

Figure 16.  REEL publications by type and institution.

The observation that individual faculty members are largely responsible for the

scholarship that ensues from undergraduate research is also valid when considering the

authorship of REEL-related publications.  As shown in Figure 16, when considering the

chemical education publications describing specific REEL experiments, science

education publications (including contributions in books), and discipline-specific

research articles, a standout contributor has been Suzanne Lunsford at Wright State

University (WSU).  Despite the fact the WSU has among the fewest REEL students her

research output has been the most prolific in REEL. Scott Bunge, who works with a

relatively small number of undergraduate researchers (at Kent State University) has

published three research articles based on work undertaken in General Chemistry and has

also clearly established a synergy between his research and teaching.  More details on

these research programs are provided later in this report.
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Another way to examine REEL scholarship is based on year of publication.  As shown in

Figure 17, REEL-related publication steadily rose from the program’s inception and, by

the end of year 3, ten articles had been published.  As one might expect there was a lull

before student research appeared in publications, but with program maturation a rate of 4-

5 articles or chapters per year appears the norm.

It is very interesting to note that REEL’s rate of publication is quite high among the

URCs and is comparable to that of a productive Research Experiences for

Undergraduates (REU) program.  The REU program philosophy is very different from

the URC model since it offers research opportunities to a very small number of elite

students who express a strong interest in a STEM discipline and who are then immersed

in a multi-month research experience.  The fact that such different programs result in a

comparable number of publications is telling; the “rate limiting step” for publications

does not appear to be the number, quality, or interest of the undergraduates involved, but

rather the motivation of individual faculty for “working up” student results and making

them suitable for publication.

Figure 17.  REEL-related publications based on program year.

The aim of enhancing the research capacity, infrastructure, and culture of participating

institutions has been obviously met at many participating institutions.  Based on metrics

of research productivity, such as number of student presentations, faculty presentations,

research articles, or book chapters, the program has experienced wide-spread success.

The breadth of this success, however, makes it difficult to identify specific factors that

encourage such research productivity.  For example, students at WSU are involved in a

very targeted Research Module closely aligned with the research interests of the

instructor and promising students are encouraged to continue work in Dr. Lunsford’s

research group.   This approach has resulted in a large number of research publications

yet very few student presentations.  In contrast, the approach at CSU is a Research

Module more closely resembling a collection of independent study projects and the CSU
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students contribute to a disproportionately high number of research presentations.  One

might suppose that the CSU approach would not result in publication of research articles

since students are not aligned with a narrowly-defined research program, yet two articles

in leading journals have already been published.  As discussed above, the number of

REEL students is also poorly correlated with research productivity and, as shown in

Figure 17, publications are evenly split across different disciplines.  One tentative

conclusion is that Research Modules that have been transferred to an institution are not

especially useful at producing new chemical knowledge.  This is related to the fact that

ownership among the faculty may be reduced and, since considerable initiative from

faculty research mentors is essential, the overall research productivity diminished.  Such

transferred Research Modules may be excellent pedagogically, but they will not be

optimal for producing research papers.

Section Summary

• REEL students and faculty have contributed to ~250 research presentations.

• Cleveland State University has been an exceptional contributor at research symposia

with far more presentations than expected based on the number of REEL students.

•  REEL-related content has been communicated in 24 publications, with a current

publication rate about 4-5 publications per year.

•  Wright State University and Kent State University have been noteworthy

contributors in terms of research publications.

•  The overall communication of chemical knowledge by REEL contributors has been

very high.  An underlying cause may be the local autonomy of Research Modules and

the sense of ownership among faculty and students.
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OCUR-REEL Partner Institutions

Institution-Specific Research Modules

As described above, the initial strategy of .the REEL program was to have module design

teams prepare, implement, and transfer Research Modules.  The enthusiasm among

faculty and staff at partner institutions for implementing Research Modules, however, led

to a multitude of institution-specific Research Modules in the program’s first two years.

The design and use of institution-specific Research Modules is the centerpiece of REEL

and key to its’ success as an Undergraduate Research Center.

Cleveland State University

Lead Contributors: Robert Wei and Anne O’Connor.

The Chemistry department at Cleveland State University is relatively small with 14 full-

time faculty members.  Its Bachelor of Science program in chemistry has two tracks; one

is certified by the American Chemical Society (ACS). Alternatively, students who are

considering careers in medicine, dentistry, pharmaceutical sciences or veterinary

medicine can follow a ‘pre-professional track’.  On average the total number of students

majoring in chemistry is around twenty.

Prior to REEL research opportunities for the chemistry students at CSU were limited to

seniors and juniors enrolled in independent study courses, and for seniors are engaged in

a capstone project; first  and  second year students had little opportunity to experience

research.  With the introduction of REEL research, however, CSU created new two

courses, one for the first year students (REEL General Chemistry Lab) and  one for the

second year students (REEL Organic Chemistry Lab).  Students could take these courses

as an alternative to the traditional laboratory courses (Gen. Chem Lab II and Org Chem

Lab II).  These REEL offerings are now an integral part of CSU’s curriculum.

Faculty at CSU believe they have achieved what they set out to accomplish for the grant

period.  The research culture has been enhanced; the REEL courses have served as a

catalyst in building the research component of the chemistry curriculum and most

students enrolled in the REEL courses have been very enthusiastic about the process of

solving life- and environment-related problems through research; CSU students have

actively participated in  the dissemination of what they learned through the REEL

symposia, ACS meetings, and on-campus research conferences.

Why has REEL been so successful at CSU?  The lead contributors at CSU hold that

success should be attributed to a classroom philosophy that stresses a commitment to in-

class research as a means to affect learning.  Faculty have observed that creating a sense

of ownership is catalytic in generating enthusiasm among the students.  Ownership was
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achieved by encouraging students to take on an active role in all phases of research,

starting from the selection of their project to the generation and interpretation of data.

The instructor’s role, of course, is central to the positive outcomes of a REEL course.

While an instructor’s broad  knowledge and background is an important factor for

generating  enthusiasm,   instructor’s  guidance  and interaction  with students to

stimulate  their  thinking  is equally important    At CSU the instructor’s role  is  to ensure

that  the project  selected by the students has the  potential for generating new

information and is of value.  The instructor also provides guidance in every phase of the

project, including design of experiments with proper controls . In reality, the number of

projects may be too many for one instructor to focus on and provide sufficient guidance.

Furthermore, students need to be reminded  of  the constraints  and  logistics  in carrying

out the project.  For example, at CSU a semester consists of 15 weeks, and for a two

semester credit hour course, a maximum of 60 hours  is available  during which the

students  are expected to  select a project,  make an outline of what to accomplish, design

experiments,  generate data, prepare a written report, and prepare for oral presentations.

Often this meant that students did not have time to prove that the data were reproducible,

accurate, and precise.

In the REEL courses there were several unanticipated challenges.  For example,

commonly each group (consisting of two students) had unique projects and so the time of

experiments could not be conveniently scheduled.  It was not uncommon to have the lab

running from early morning till late at night.  Because of safety concerns and other

regulations, it was necessary to have one faculty or graduate TA present during the period

of experimentation. One faculty instructor and graduate TA, however, was not sufficient

to interact with the 10-12 groups of students.  Another issue was related to whether the

REEL courses could be applied to  fulfill  the graduation and  the General Education

requirements, and  requirements  for  admissions to professional schools.

Overall, through REEL, much has been learned at CSU about the importance of

teaching students to think critically and solve problems through research early in their

college career.   Despite the challenges accompanying in-class research experiences, CSU

is looking to expand and strengthen its teaching mission by providing more research

experiences.  A number of specific steps have already by made in this regard, for instance

miscroscale-techniques have been adopted to allow experimentation in diverse areas with

no increase in budget and the use of expensive laboratory equipment. In addition, there

are plans to form a consortium in and around the Cleveland area among higher education

institutions to support in-class research experiences like REEL.
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REEL Enrollment at Cleveland State University
Course Term Module 2006 2007 2008 2009 2010 2011

General Summer Remediation of toxic metals

(Cr)

6

Organic Summer Analysis of PAHs

by GC-MS

6

General Fall Remediation of toxic metals

and Analysis by ICP

9 10 10 24 17

Organic Fall Analysis of Chemical Toxicity:

Student-led Projects

24 37

General Spring Analysis of Chromium and

Lead in the Environment

-- 4 14 24 15

Organic Spring Polycyclic Aromatic

Hydrocarbons (PAHs)

14 13 17

Organic Spring Analysis of Chemical Toxicity:

Student-led Projects

24 21

Publications

Dielectric classification of D-and L-amino acids by thermal and analytical methods .

Matthews, M. E., Atkinson, I,  Presswala, L; Najjar, O.; Gerhardstein, N, Wei, R. Rye,

E., Riga, A. Journal of Thermal Analysis and Calorimetry,  93 (1), 281–287 (2008).

Discovery of bound and unbound waters in crystalline amino acids revealed by thermal

analysis. Presswala, L,  Matthews, M.E, Atkinson, I., Najjar R., Wei, R.,  and Riga, A.
Journal of Thermal Analysis and Calorimetry,  93(1), 295–300 (2008).

Presentations

REEL Symposium, The Ohio State University, 2006.
Analysis of polycyclic aromatic hydrocarbons in oven-cooked vs. barbecued meat. HoonSeok Kim,

Irina Vartanova, John Fuerst, Robert Wei.

The determination of the concentration of chromium(VI) in cigarette filters and cigarette ashes.

Mira Akuman, Hamdan Anazi, and Sherry El Sakr, Robert Wei.

A preliminary study on the removal of chromium(IV). Andrew Newton, Klaire Freeman and

Tawana Campbell.

Determination of the optimal conditions (pH) under which Cr(VI) can be converted efficiently to

Cr(III).  Ioan Chelbezan.

Optimization of diphenylcarbazide.  Dorcas Sasu-Yiadomaa and Maria Belu.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.
Development of REEL courses at Cleveland State. Robert Wei.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.

Poster Session
Lake Erie and its dark secret…that we drink. Nicole Scholtz, Danielle M. Pitrone and Robert

Wei.



47

Comparison of solvents for the extractions of PAHs from cigarette filters. Imaan Benmerzouga,

Khadidja Benmerzouga, John Moran and Robert Wei.

Study on the presence of polycyclic aromatic hydrocarbons in used motor oils. Rachel Kapis,

Angela Yuhas, Tiffany Agosto, John Moran and Dr. Robert Wei.

Do roasted marshmallows contain polycyclic aromatic hydrocarbons? Rayna Czenkner and

Krystyna Czarniecki.

Correlation between the PAH levels and toxicity in river sediments. Kevin M. Kunzelman and

Zach Stiles.

REEL Symposium, Cleveland State University, 2007.
Determination of arsenic in cigarette filters by visible spectrophotometry. Julie Petrash and Kate

Stewart.

Determination of lead in environmental soil samples. Derick Petry, Rachelle Dellinger, Kerri

Smith, and Anne O’Connor.

Comparison of PAH formation in cooked meat from McDonald’s, Burger King, and Wendy’s.

Daniel Dlugos and Thamar Sarwar.

Chromium (VI) concentrations in soil below the playground structures of treaded wood in

Cleveland, OH region. Mark Kun, Karina Kima.

Optimization of the dithizone colorimetric method for the determination of lead in environmental

sample. Sheryl Brown and Kim Smith.

Colorimetric analysis of hexavalent chromium in soils from Cleveland area playgrounds. Karina

Kima, Mark Kun, Kerri Smith, and Anne O’Connor.

Comparison of solvents for the extraction of PAHs from cigarette filters. Imaan Benmerzouga,

Khadidja Benmerzouga, Dr. Robert Wei.

Central Regional Meeting of the American Chemical Society, CERMACS 2008.

Poster Session
AA Determination of Lead in Areas Surrounding Brownfield Sites in Cleveland.  Katrina Johnson,

Erin Nemeth, Daniela Dogaru, Anne O'Connor.

Investigation of Chromium (VI) in Soil Surrounding Pressure Treated Wood.  Holly Baaklini,

Krista Freeman, Daniela Dogaru, Anne O’Connor.

Degradation of Polychlorinated Biphenyls (PCB) by a Pleurotus Ostreatus.  Jermann Ashley,

Casandra Solis, Kerri Smith, Anne O'Connor.

Effects of Microorganisms on the Breakdown of Polycyclic Aromatic Hydrocarbons in Motor Oil.

Klaire Freeman, Kyle Sochacki, Kerri Smith, Robert Wei, Anne O'Connor.

Measurements of Short-Term Toxicity of Six Polycyclic Aromatic Hydrocarbons by Vibrio

Fischeri.  Nida Degesys, Beth Apanasewicz, Zach Stiles, Robert Wei.
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Purification and Molecular Weight Determination of Metallothionein Class II (MT-2) Isolated

from Dwarf Sunflower (Helianthus annuus).,LeeAnn M. Westfall, Erin D. Huber, Robert Wei.

Determination of Polycyclic Aromatic Hydrocarbons in Parking Lot Seal Coat.  Timothy

Gauntner, Sarah Horvath, Alethea Kypriotakis, Kerri Smith, Anne O’Connor.

REEL Symposium, Miami University, 2008.
Are the Shaker lakes undergoing eutrophication? Mohammad Faraz, Arthur Malahimy, Noor Al-

Nazer, Danielle Dogaru, and Anne O’Connor.

Hexavalent chromium in the used cigarette filters. Sean Sheridan, Grace Nham, Elson Semaj,

Alexander Kumahor, Amina Mohemmed.

Colorimetric analysis of hexavalent chromium in soils from Cleveland area industrial sites. Joshua

Halstead, Vadim Kutsar, Brigid Patton, Irena Sobkiv, Danielle Dogaru, and Anne O’Connor.

Immobilization and characterization of protein on ITO Quartz slides. Jessica Wilmink and Joseph

Jerome Mundell.

Analysis of plant metallothioneins 2 (MT-2).  Mohammad Faraj, Katie Baxter, Chamari

Walliwalagedera, Robert Wei.

REEL Symposium, Wright State University, 2009.
Effects of free radical system on enzyme activity:  Chymotrypsin as model enzyme. Marley Greiner

and Ross VerHeul.

Analysis of toxic metals in canned green beans by an inductively coupled plasma (ICP). Mind

Dang, Nikolas J. Neric and Robert Wei.

Central Regional Meeting of the American Chemical Society, CERMACS 2009.

Poster Session.
Effects of Free Radical System On Enzyme Activity; Chymotrypsin as a Model Enzyme. Ross

VerHeul, Marley Greiner and Robert Wei.

Determination of Mutagenic Polycyclic Aromatic Hydrocarbons by Vibrio Fischeri-Based Assay.

Klaire Freeman and Robert Wei.

Determination of Lead and Mercury Ions in the Sediment of the Cuyahoga River. Alan Rossio,

Vitaliy Pysmennyy, Scotty Fulton, Jerry Mundell and Anne O’Connor.

In Vitro Biodegradation of Three Polycyclic Aromatic Hydrocarbons (PAH) by Root Tissues.

Extracellular Vs Intracellular Degradation of Polychlorinated Biphenyls by Pleurous Ostreatus.

Michael Arcuri, Ben Wolfe, Aspasia Sicking, Jerry Mundell and Anne O’Connor.

Phytoremediation Removal of Chromium VI From Soil Samples Using Triticum Aestivum and

Sorghastrum Nutans. Sandra Vilevac, Juan Carlos Gamarra and Anne O’Connor.
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Analysis of Polycyclic Aromatic Hydrocarbons in Soils around Smoking Areas On Cleveland

State University Campus. Aloysus Lawong, Robert Wei and Anne O’Connor.

Determination of Polychlorinated Biphenyls (PCBs) From Transformer Oil Found in Soil. Jayme

Kacica, Michael Bauer, Jerry Mundell and Anne O’Connor.

Extraction Efficiency and Rate of Detoxification of Polychlorinated Biphenlys in Wheat Straw

Medium. Karina Radonich, Nicholos Yurko, Miranda LaBant, Jerry Mundell and Anne

O’Connor.
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University of Cincinnati

Lead Contributors: Deborah Lieberman and Allan Pinhas

Students in Organic Chemistry have benefited from REEL Research Modules at the

University of Cincinnati.  In one, investigating the synthesis of oxazolidinones,

students begin with the following known reaction:

and are given the task of developing a recrystallization system for the product.  Students

then proceeded to the following reaction to prepare an aziridine:

Student researchers have investigated the applicability of a wide variety of amines in this

preparation.  Other student-designed projects included the testing of various solvents for

the amino alcohol formation.  Another area of study involved student investigations of

the effect of substituents at the 4 position on the benzene ring on the styrene oxide on

both amino alcohol and aziridine formation, with the hope of creating a Hammett plot.

Compounds include 4-acetoxy styrene, 4-chloro styrene, 4-bromo styrene, 4-

methylstyrene and 3-nitrostyrene.

In another research project, “Aldol Condensation via “mixer” chemistry”, the aim was to

bring student attention to the environmental ramifications associated with lab

experiments through the innovative technique of ball milling as a way to assess “green”

chemistry.  Ball milling is a procedure in which solid reactants are placed inside a vessel,

in the absence of solvent, along with a ball bearing.  The vessel is sealed and placed

inside the milling apparatus and the kinetic energy associated with high-speed agitation

utilized to initiate a reaction.  Students in this module investigated the reaction yields and
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wastes associated with conventional aldol reaction with this solvent-free procedure.

The research projects have been used extensively and, as shown below, modified slightly

from semester to semester as research findings led to modifications and new research

questions.  The culmination of these efforts has been a research article now in press

describing the solvent-free and catalyst-free conversion of an aziridine to an

oxazolidinone using only carbon dioxide.

REEL Enrollment the University of Cincinnati
Course Term Module 2006 2007 2008 2009 2010 2011

Organic Summer Aldol condensation via “mixer”

chemistry

30

Organic Summer Synthesis of Oxazolidinones

catalyst free, CO2 only

1 1

Organic Winter Alternatives to lithium

aluminum hydride reductions in

the undergraduate lab

65

Organic Winter Synthesis of oxazolidinones via

oxiranes and variously

substituted amines

52 12 16 13 13

Organic Winter Ester reduction with Sodium

Borohydride in the Ball Mill

60

Organic Spring Aldol condensation via mixer

chemistry

153

Organic Spring Synthesis of oxazolidinones via

oxiranes and variously

substituted amines

42

Organic Spring Alternatives to lithium

aluminum hydride reductions in

the undergraduate lab

113

Organic Spring Ester reduction with Sodium

Borohydride in the Ball Mill

86

Publication

The solvent-free and catalyst-free conversion of an aziridine to an oxazolidinone using

only carbon dioxide. Chau Phung, Rani M. Ulrich, Mostafa Ibrahim, Nathaniel T.G.

Tighe, Deborah L. Lieberman, and Allan R. Pinhas.  Green Chemistry, in press.

Presentations

Central Regional Meeting of the American Chemical Society, CERMACS 2007.
REEL: Bringing "Real Research" experiences into the undergraduate classroom. Deborah

Lieberman.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.

Poster Session.
Research as an undergraduate teaching technique. Allan Pinhas, Deborah Lieberman,

Jagadis Sankaranarayanan, Derek Jones, Omayr Ahmed, Jaclyn Barney, Nicholas

Bodmer, Tina Chen, Stephen Denny, Alisha Gandhi, Nicholas Giacalone, Monique Jindal, Jaclyn

Kawsky, Luke Linz, Varun Pawar, Mark Tedford and Emily Wood.
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REEL Symposium, Miami University,  2008.
A “green” synthesis of oxazolidinones. Mostafa Ibrahim, Allan Pinhas, Deborah Lieberman.

REEL Symposium, Wright State University, 2009.
The solvent-free, catalyst-free conversion of aziridines to oxazolidinones using only CO2.  Rani

Ulrich, Stephan Dixon, Deborah Lieberman, and Allan R. Pinhas.
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Kent State University

Lead Contributor: Scott Bunge

The buy-in at Kent State University has been limited to Scott Bunge and his use of

Research Modules in General Chemistry.  Although the number of students in REEL

courses at Kent State is small (about 20-40/year) the research productivity has been

remarkable.  Dr. Bunge is a stellar example of a faculty member combining his research

interests and pedagogy in an effective manner.

One of the Research Modules in use at Kent State is ““Designing Metal-Organic

Framework Structures Utilizing a Combination of N- and O-Donor Ligands”.

Introductory laboratory experiments are an important part of this module and the

development of student manipulative skills a crucial aspect of the project.  Prior to

undertaking this research module students complete the three week laboratory assignment

“The Synthesis of Copper(I)-Organic Networks”  to provide them with synthesis and

characterization skills and an understanding of metal-ligand interactions. Another

preliminary assignment introduces the students to using the Cambridge Crystallographic

Database.

In the first week of the REEL module students employ individualized synthesis

procedures to synthesize and isolate a compound of their choosing.  The research goal of

this project has been to isolate a novel crystalline metal-organic compound for

characterization.  Depending on the synthesis procedure chosen use of a glove box may

be required.  At the end of the period all students allow solutions containing their reaction

mixtures to evaporate and (hopefully) generate single crystals.  During the following

week, crystals that formed are run on the single crystal X-ray diffractometer to determine

the structure of the compound.  It is not unusual for approximately half the students to

obtain a structure of a compound that was not previously reported.

In the second week of the project students work in pairs to further characterize the

complexes that had been synthesized. Many modern instrumental techniques are

employed in this characterization, including UV-Vis and FT-IR spectroscopy, 
1
H and 

13
C

NMR spectroscopy, and Elemental Analysis. The module concludes in week three, with

each research team presenting a brief power point talk communicating their research

results to their classmates.  Two individual lab reports are required from each student.

The first report discusses work performed individually the first week of the module and a

second report the work done with their team.

Within this Research Module the resources made available for student use are extremely

advanced for an introductory-level course.  Prior to REEL the suggestion of having

General Chemistry students use items such as a glove box, X-ray diffractometers, and

NMR spectrometers would have been viewed by many as incredulous.  At Kent State

these resources are now integral to an in-class research experience that leads to

exceptional research productivity and results in a very authentic research experience.
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REEL Enrollment at Kent State University
Course Term Module 2006 2007 2008 2009 2010 2011

General Summer Designing metal-organic

framework structures utilizing a

combination of N- and O-donor

ligands

40

General Fall Designing metal-organic

framework structures utilizing a

combination of N- and O-donor

ligands

60 15 20 21 20

General Fall Designing metal-organic

framework structures

17 38 20 22 22

Publications

Synthesis and characterization of gold(III) complexes possessing 2,9-

dialkylphenanthroline ligands:  To bind or not to bind?” Hudson, Z. D.; Sangvhi, C. D.;

Rhine M. A.; Ng, J. J.; Bunge, S. D.; Hardcastle, K. I.; Saadein, M. R.; MacBeth, C. E.;

Eichler, J. F. Dalton Trans. 7473–7480 (2009).

Structurally Characterized 1,1,3,3-Tetramethylguanidine Solvated Magnesium Aryloxide

Complexes: [Mg(µ-OEt)(DBP)(H-TMG)]2, [Mg(µ-OBc)(DBP)(H-TMG)]2, [Mg(µ-

TMBA)(DBP)(H-TMG)]2, [Mg(µ-DPP)(DBP)(H-TMG)]2, [Mg(BMP)2(H-TMG)2],

[Mg(O-2,6-Ph2C6H3)2(H-TMG)2]. Monegan, J. D.; Bunge, S. D. Inorg. Chem. 48, 3248-

3256 (2009).

A Family of 1,1,3,3-Tetraalkylguanidine (H-TAG) Solvated Zinc Aryloxide Pre-

Catalysts for the Ring-Opening Polymerization of rac-Lactide. Ng, J. J., Durr, C. B.,

Lance J. M., Bunge, S. D.  European Journal of Inorganic Chemistry 9,  1424-1430

(2010).

Presentations

REEL Symposium, Cleveland State University,  2007.
Designing metal-organic framework structures utilizing a combination of N- and O- donor

ligands.  Jessie Monegan and Scott D. Bunge.

Central Regional Meeting of the American Chemical Society, CERMACS 2008.

Poster Session
A Family of 1,1,3,3-Tetraalkylguanidine (H-TAG) Stabilized Zinc Aryloxide Catalysts for the

Ring-Opening Polymerization of Lactide.  Julia J. Ng, Scott D. Bunge.

The Synthesis, Structure and Characterization of Lanthanide Complexes Stabilized with 1,1,3,3-

Tetramethylguanidine and 2,2,6,6,-Tetramethylpiperidiol.  Robert Rakosi III, Scott D. Bunge.

Designing Magnesium Complexes Utilizing a Combination of N- and O- Donor Ligands.  Jessie

Monegan, Scott D. Bunge.
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Synthesis and Characterization of a Novel Series of Hetero-Ligated Lanthanide Compounds for

the Ring Opening Polymerization of Caprolactone. Jesus A. Ocana, Scott D. Bunge.

REEL Symposium, Miami University, 2008.
Designing metal-organic framework structures utilizing a combination of N- and O- donor ligands.

K. Gore and S. Bunge.

A structurally characterized series of 1,1,3,3-tetramethylguanidine solvated mangersium

aryloxide complexes.  Jessie Monegan and Scott Bunge.

Central Regional Meeting of the American Chemical Society, CERMACS 2009.

Poster Session.
A Structurally Characterized Series of 1,1,3,3-Tetramethylguanidine Solvated Magnesium

Aryloxide Complexes. Jessie Monegan and Scott D. Bunge.

One-Pot Synthesis of 1,1,3,3-Tetramethylguanidine Solvated d-Block Metal Complexes.

Christopher B. Durr and Scott D. Bunge.

Synthesis and Structural Characterization of Three-Coordinate Manganese, Iron, and Zinc Amido

Complexes.  Kristin A. Gore and Scott D. Bunge.

Designing Metal-Organic Framework Structures Utilizing a Combination of N- and O- Donor

Ligands.  Scott D. Bunge and Kristin A. Gore.
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Miami University

Lead Contributors: Richard Taylor, Michael Novak (Research Modules)

Jane Butler Kahle (Educational Research, Program Evaluation)

Faculty and staff contributors at Miami University have provided leadership throughout

REEL’s existence.  Richard Taylor has been a lead contributor in the area of Organic

Chemistry and Jane Butler Kahle in the area of program evaluation.  Both of these

individuals have been central to REEL’s success since they have been key to the

dissemination of REEL’s best practices.  The Ohio State University is aptly described as

the lead institution in REEL for administrative reasons, but in terms of intellectual

contributions and overall program design Miami and OSU are equal partners.

As mentioned above, REEL’s impact at Miami has been extensively studies.  The number

of students involved in REEL courses is massive and both Organic and General

Chemistry courses have been transformed.  This involvement has led to research

publications and many student presentations at conferences.  The degree to which the

program evaluation has been disseminated is also noteworthy.

Richard Taylor’s role as a module designer has been far-reaching.  His insight that

combinatorial experiments are well-suited for REEL courses has been quite influential

and many Research Modules, especially those involving synthesis, are based on this

laboratory strategy.  The module “Combinatorial Aldol Dehydration Catalysis” is an

early exemplar of this approach.  In this experiment students explored various catalysts

for Aldol dehydration reactions.  Best research practices are emphasized through

preparatory labs, scientific writing exercises, and literature searching as part of this

project.  Content from the experiment can be used as a teaching tool to cover concepts

such as diastereoselectivity, conformational studies, NMR spectroscopic analysis, and

separation via chromatographic techniques.

Students are introduced to combinatorial chemistry through preparation of library azo

dyes from phenol precursors and amines using diazotization reaction.  The research

experiment involves synthesis and identification of catalysts that may be used for the

aldol dehydration reaction under neutral pH conditions as given below.  The catalysts are

synthesized from the reaction of poly acrylic anhydride with various amines.

OOH
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Several aldol precursors as well as catalysts were synthesized and the combinatorial

catalysis performed by the first semester Organic Chemistry students the first time this

module was implemented.  Since then the project has grown with new research questions

arising from earlier findings.  In addition, the broad scope of this work has allowed

transfer of this technique to partner institutions, e.g. Capital University.

Publications

A Research Project in the Organic Instructional Laboratory Involving the Suzuki-

Miyaura Cross Coupling Reaction.   Novak, M.; Wang, Y.-T.; Ambrogio, M. W.; Chan,

C. A.; Davis, H. E.; Goodwin, K. S.; Hadley, M. A.; Hall, C. M.; Herrick, A. M.; Ivanov,

A. S.; Mueller, C. M.; Oh, J. J.; Soukup, R. J.; Sullivan, T. J.; Todd, A. M. The Chemical

Educator 12, 414-418 (2007).

Reduction of 4-tert-Butylcyclohexanone: a Laboratory Class Project in

Diastereoselectivity and Thermodynamic vs. Kinetic Control.  Novak, M., Gung, B.W.,

Hershberger, J.W., Taylor, R.T., Emenike, B., Chakraborty, M., Scioneaux, A.N., Ponsot,

A.E., Daka, P. The Chemical Educator, 14, 232-235 (2009).

One-pot synthesis of polyhydroquinolines on grinding.  Richard Taylor, et. al. (In

preparation).
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REEL Enrollment at Miami University
Course Term Module 2006 2007 2008 2009 2010 2011

General Summer Environmental Water Analysis 23

General Fall Environmental Water Analysis 40

Organic Fall Halogenation of alkyl

pyridines, and combinatorial

development of a catalyst

25

Organic Fall Synthesis of Benzothiazole

Derivatives

22 35

Organic Fall Regioselectivity in the free

radical bromination of

substituted pyridines

320

Organic Fall Applications of Green

Chemistry: One-pot synthesis

of polyhydroquinolines

270

General Spring Environmental Analysis of

Natural Water Samples

44 53 456 400

General Spring Discovery Liquid

Chromatography

28

Organic Spring Halogenation of alkyl

pyridines, and combinatorial

development of a catalyst

26 270

Organic Spring Nanoparticle reduction of

nitroaromatics

274

Organic Spring Microwave Suzuki reaction 25

Organic Spring Research Projects in Kinetic

Resolution and Click Chemistry

6

Organic Spring Knoevenagel/Doebner

Reactions

6

Organic Spring Regioselectivity in the Free

Radical Halogenation of Alkyl

Groups

281

Organic Spring Preparation of Anilines from

Alkyl Halides using Microwave

Radiation

20

Presentations (Chemical Research)

American Chemical Society (ACS) meeting, Chicago.  2007.
About the Ohio REEL project: Research experiences to enhance learning.  Patrick M. Woodward,

Prabir K. Dutta, Vinodkumar Subramaniam, Richard T. Taylor, Ted Clark, Susan J. Olesik, Chris

Callam, Weldon Mathews, Rick Spinney, William J Donovan, John W. Francis.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.
REEL activity in sophomore organic non-majors labs at Miami University.  Richard Taylor.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.

Poster Session.
REEL projects - Research non-majors organic chemistry. Richard T. Taylor, Thomas

Balestri and Jordan Brown.
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Central Regional Meeting of the American Chemical Society, CERMACS 2008.

Poster Session
Fluorous Solvents for Slow Reaction of Thionyl Chloride and Alcohols.  Elisabeth R. Goei,

Richard T. Taylor.

Intramolecular Click Chemistry.  Diana M. Kroll, Travis M. Gilbert, Kurt S. Kadon, Heather R.

Mandrell, Richard T. Taylor.

Flow Chemistry in the Kinetic Resolution of Naproxen.  Brittany M. Staarman, Lauren C. Wene,

Richard T. Taylor.

Biennial Conference on Chemical Education, BCCE 2008.
REEL Innovations in Organic Chemistry Courses: A Multi-Institutional Perspective.  Steven

Sucheck (University of Toledo), Paul Anderson (Miami University), Ted Clark, Rick Spinney

(The Ohio State University), Richard Taylor (Miami University).

REEL Symposium, Miami University, 2008.
Flow chemistry as applied to the kinetic resolution of naproxen.  Brittany Staarman, Lauren

Wene, Kurt Kadon.

Reactions of alcohols with thionyl chloride in the presence of fluorous solvents.  Nikoo Fatemi,

Elisabeth Goei, and Richard Taylor.

Use of click chemistry in the synthesis of bicyclic compounds. Kurt Kadon, Kate Wilkin, Diana

Kroll.

Regioselectivity in free radical bromination of unsymmetrical dimethyl pyridine.  Jordan Brown,

Rajesh Thapa, Thomas Balestri, and Richard Taylor.

Characterization of intermediates generated in photolysis of quinol esters.  Yue-Ting Wang,

Michael Novak, Samuel Leopold, Jiadan Xue, David Phillips, Stephen Glover.

REEL Symposium, Wright State University, 2009.
Halogenation, ion competition, and cyclization capabilities of different alkene substrates: hexenol

and 9-decen-1-ol.  Marissa S. Cohen and Michael D. Opritza.

Wadsworth-emmons reaction in a flow system. Morgan Diglia, Aleece Hayes.

Presentations (Educational Research, Program Evaluation)

REEL Symposium, The Ohio State University,  2006.
REEL project evaluation. Pam Marks, Yue Li, Elizabeth G. Ricksecker, William J. Boone, Jane

Butler Kahle, Meron Tekeste

American Chemical Society (ACS) meeting, Chicago.  2007.
Bringing research to the undergraduate course curriculum.  William Boone, Vinodkumar

Subramaniam, Prabir K. Dutta, Patrick M. Woodward.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.
The REEL Evaluation: A Collaborative Effort.  Yue Li, Jane Butler Kahle, and William J. Boone.
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American Educational Research Association, AERA 2008.
Real undergraduate chemistry research in Ohio:  Evaluation of the Ohio consortium for

undergraduate research- Research experiences to enhance learning (OCUR-REEL) project.  Ted

M. Clark, Yue Li and Jane Butler Kahle.

Central Regional Meeting of the American Chemical Society, CERMACS 2008.
The REEL Evaluation:  Year 2007-2008.  Yue Li and Jane Butler Kahle.

National Association of Research in Science Teaching, NARST 2010.
Does Chem-Research make a difference?  Ted M. Clark, Jane Butler Kahle, Sarah B. Woodruff,

Yue Li.
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Ohio University

Lead Contributor: Klaus Himmeldirk

Similar to the success of Scott Bunge at Kent State University, Klaus Himmeldirk has

established an integrated research and instructional setting at Ohio University.  The

number of students, like at Kent State, is small (35-50/year), but they are given the

opportunity to contribute to leading research that is communicated at conferences and in

publications.  Thus far three Research Modules have been designed and implemented by

Dr. Himmeldirk with formative feedback sought to improve their use.

The first research project is  “Thiazolium Ion Catalyzed Crossed Acyloin Formation”.

Thiazolium ions are known to catalyze the condensation of aldehydes to acyloins. The

acyloin formation occurs under basic conditions and is catalyzed by thiazolium ions.

R H

O

H R

O

T h i a z o l i u m  i o n ,

B a s e

+

R R

O O H

A c y l o i n

In a “crossed” acyloin synthesis two different aldehydes are used as the reactant. Four

different products can form:
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In nature, Vitamin B1 (thiamin diphosphate) is the best-known catalyst containing a

thiazolium ring. It is responsible for a number of transformations in which acyloins are

formed. As a coenzyme for transketolases it catalyzes transformations of the following

type: HR"OThiazolium ion,Base+RR'OOHRR"OOHHR'O+

The above reaction can be considered a trans-acyloin formation. The starting material is

transformed into two aldehydes by a reversed acyloin condensation. One of them is

connected to a third aldehyde molecule to form a new acyloin.  The Research Module has

been an attempt to learn more about the scope and limitations of crossed- and trans-

acyloin formations.  Students complete this module in groups of six; each student in a

group works on the same objective, but performs a different experiment.  The analysis of

the experimental results is completed with various modern instruments, including GC,

GC-MS, NMR, and HPLC. Purification of products is achieved by column

chromatography.

The second Research Module has been “Stereoselective Esterification of Carbohydrates”

The esterification reaction is one of the most common reactions used to protect hydroxyl

groups of carbohydrates and to make the carbohydrates soluble in organic solutions. A



62

number of procedures are known to prepare esters of acetic or benzoic acid. Mixtures of

isomers are obtained that can be separated by crystallizations.
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The loss of product that occurs during the recrystallization processes is acceptable

because all starting materials are inexpensive, i.e. low yields do not pose a problem. For

esters of other carboxylic esters, though, the products are often not crystalline (or difficult

to crystallize). In this case the separation of the esters has to be achieved by column

chromatography. This procedure can be difficult, expensive, and time consuming.

Prominent examples of esters of glucose that are not crystalline and difficult to separate

are found in gallotannins. This class of compounds is found abundantly in plants.
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In gallotannins the glucose core is esterified with a number of gallic acid molecules. The

best-known members of this class have all five hydroxyl groups of D-glucopyranose

connected to galloyl groups. This REEL Research Module has been an attempt to find

optimum conditions to synthesize selectively isomers of esters of glucopyranose.

Students complete this module in groups of six; each student in a group works on the

same objective, but performs a different experiment.  The isomer ratios are determined by

NMR spectroscopy and HPLC analysis.

In the third Research Module, “Synthesis of ellagitannin precursors”, one of four projects

is assigned to each student. All projects produce intermediates in the synthesis of so-

called ellagitannins, a class of natural products that has shown promise in the treatment of

cancer and diabetes.  Four to six students are working on the same project. A literature
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search on SciFinder® has to be performed, the background literature has to be evaluated,

and a decision is made as to which procedures are most promising. Students select

procedures, but each student has to perform a unique experiment. The results of the

experiment are evaluated. If the results are promising, modifications to the procedure are

made. If results are discouraging, different procedures are tried.
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During the last five years Research Modules have been firmly established as a capstone

experience for all Organic Chemistry laboratory students at Ohio University. The

modules allow students to establish independent working and thinking skills that were

absent in the traditional expository laboratory instruction. The result has been a more
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demanding, satisfactory, and enjoyable working environment for our students, as can be

seen from the responses given by students after one of the research modules:

Statement SA A N D SD

The last three weeks of the class were more enjoyable than the

previous three weeks of non-research related work.

18 27 6 5 0

My learning experience was more intense during the last three

weeks of research than during the previous three weeks of non-

research related work.

10 21 15 10 0

I learned more about what it is like to be an Organic Chemist

during the last three weeks than the previous three weeks of

non-research related work.

36 16 4 0 0

I enjoyed working in groups of people that performed related

experiments.

36 15 4 1 0

Research Module Implementation at Ohio University

The last three or four weeks (6 – 8 lab sessions, 3 hours each) of the two-quarter

introduction into organic chemistry laboratory work were set aside for a research project.

Students were assigned to groups. Within each group, students performed unique but

similar syntheses of novel compounds.  During the first modules, students were given a

written introduction to explain the background of the research project. In addition, relevant

mechanisms and procedures were given to the students as well.

In the opinion of the course instructor and module designer (Dr. Himmeldirk) it became

apparent that the initial excitement of “being let lose” and “trying your own thing” was of

short duration for about 50 % of the students. In order to motivate as many students as

possible, it was felt that students needed to participate more in the planning stage of

research. The introduction for the modules was therefore changed in that students did not

receive any procedures for the synthesis of a given novel target compound.  The duration of

the research project was extended from three to four weeks. The additional two lab sessions

were spent in a computer lab to introduce students to literature search techniques using the

SciFinder® program. The students had to find starting materials, reagents, and reaction

conditions for the synthesis of compounds similar to their target compound. They then had

to evaluate the procedures in order to decide which method was most likely to be adaptable

to our synthetic problem. Finally, a choice had to be made regarding which procedures

were most promising and easy enough to try in the teaching laboratory setting.

The decision making process outlined above can be successful and enjoyable only with the

guidance of an experienced chemist, preferably with some knowledge in the target area of

the research. (Teaching assistants are probably overwhelmed by the amount of information

and the variety of problems.)  At Ohio it was very successful to employ a procedure in

which groups of four to six students worked on a common target synthesis. After about one

hour of searching individually, the group would meet with the instructor for about 30

minutes and exchange preliminary results. Problems and modified search strategies were

discussed. Another search session followed a second round of discussions. After about

three hours, the search was terminated.
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three hours, the search was terminated.

The experience of working partly individually, partly as a group was highly enjoyable for

students and instructor alike. Even thought there was no set limit to the end of the sessions,

not a single student (out of more than 30 participants) made efforts to “bail out” early. The

students obviously enjoyed learning how to search for relevant synthetic information and

how to create their own research plan.

After a review of the relevant literature, each student was allowed to try one of the

procedures that seemed promising. Again, the experience of the instructor was important in

order to guide students in their selection.  The students had to alter procedures in order to

adapt them to the given target compounds. After a final discussion, the procedure was tried

in the laboratory. The results were then discussed in groups of four to six students working

on similar targets. Modifications were introduced (if necessary), procedures were discarded

as impractical or unsuccessful, or the next step of a synthetic sequence was targeted. In

general, most students were able to work on only one synthetic step in the given time

frame. Only a few procedures worked exceptionally well and a second step could be

attempted.

Why did REEL work at Ohio University?

There are numerous factors that contributed to the success of the program at Ohio

University.  The following points are viewed as especially salient by Dr. Himmeldirk for

when implementing in-class research projects:

1) Students were able to the see the big picture of how organic syntheses are

performed. For the first time, they had a project in which the planning, execution,

and analysis of an experiment were covered together. Students were learning to

appreciate individual components taught in Organic Chemistry classes (e.g.

mechanisms) as valuable tools in the overall process of developing syntheses.

2) The heightened emphasis on planning, evaluation, and analysis of experiments

allows for more creative input from the students.  In other words, the research part

of the lab course teaches critical thinking skills.

3) The attitude of students towards lab work changed because they were excited (and a

little scared) by the prospect of performing unique experiments. The experience is

developing the self-reliance and independence of the students.

4) The excitement of performing / creating new syntheses is also present in the

instructor (especially if he/she conceived the project). A higher motivation of the

instructor leads to more committed teaching.

5) The students learned how knowledge is created. The adaptation of existing

knowledge to create new syntheses is a complex process. Crucial elements are the

formulation of questions, definition of problems, articulation of expectations,

communication with others, planning and execution of experiments, and the

reflection on experimental results. In our traditional laboratory setting only few

aspects of the process are covered. Especially the introduction of frequent group

discussions was seen as an effective learning / teaching tool.
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Which factors may limit the effectiveness of REEL?

1) The preparation of research experiments for a whole class of students can be very

time consuming. But the higher level of commitment is not a deterrent if the

research project has the potential to lead to publishable results.

2) The students will need more guidance by an instructor or TA than in traditional

expository laboratory experiments. The preparation and quality of TA’s can be

crucial. There has to be a higher commitment to TA training.

3) In smaller institutions, the financing of research projects might be a problem

because a wider variety of reagents and equipment is needed.

Publications

Anomeric selectivity in the synthesis of galloyl esters of D-glucose.  R.C. Binkley, J. C.

Ziepfel, and K.B. Himmeldirk.  Carbohydrate Research 344 (2), 237-239 (2009).

Synthesis and anti-cancer activity of alpha-Tellimagrandin II,  A. Radune, Matthew S. Reedy,

J.P. Perchellet, K.B. Himmeldirk. (In preparation)

REEL Enrollment at Ohio University
Course Term Module 2006 2007 2008 2009 2010 2011

Organic Fall Thiazolium ion catalyzed

crossed acyloin formation

15 --

Organic Fall Efficient synthesis of

hexahydroxydiphenic acid

(HHDP)

4

Organic Fall Stereoselective Synthesis of

Carbohydrate Esters

5 5

Organic Spring Stereoselective esterification of

carbohydrates

 47 --

Organic Spring Synthesis of Gallotannins and

Ellagitannins

-- 49 34 36 36

Presentations

REEL Symposium, The Ohio State University,  2006.
Thiazolium ion catalyzed acyloin formation:  Trying to mimic vitamin B1.  Benjamin Wegenhart,

Allison Arter, Kristin Schreiber, Michelle Cooperrider, Jason Brown, Katie Castor, Danielle

Melaragno, Klaus Himmeldirk

Central Regional Meeting of the American Chemical Society, CERMACS 2007.
Scope and limitation of research modules in the introductory organic chemistry laboratory. Klaus

B. Himmeldirk.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.

Poster Session.
Thiazolium ion mediated ester formation. Adam C. Link and Klaus B. Himmeldirk.
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REEL Symposium, Cleveland State University,  2007.
Anomeric selectivity of esterification reactions leading to gallotannins.  Robert C. Binkley,

Jessica C. Ziepfel, Klaus B. Himmeldirk.

Central Regional Meeting of the American Chemical Society, CERMACS 2008.

Poster Session.
Efficient Gallotannin Synthesis.  Klaus B. Himmeldirk, Jessica C. Ziepfel, Robert C. Binkley.

REEL Symposium, Wright State University, 2009.
A new synthetic access to ellagitannins.  Stephen E. Sliter, Steven C. Miller and Klaus B.

Himmeldirk.

Selective synthesis of ellagitannins.  Patricia A. Roberts, Amanda L. Radune, and Klaus B.

Himmeldirk.

Synthesis of polyphenolic compounds derived from 6-chloro-6-deoxyglucose.  Ryan M. Gertz,

Jacob A. Venoy, and Klaus B. Himmeldirk.

Central Regional Meeting of the American Chemical Society, CERMACS 2009.

Poster Session.
Selective Synthesis of An Ellagitannin. Klaus B. Himmeldirk and Amanda L. Radune.

Central Regional Meeting of the American Chemical Society, CERMACS 2010.

Poster Session
Synthesis of an ellagitannin derived from 6-chloro-6-deoxyglucose. Jacob A. Venoy and Klaus B.

Himmeldirk.
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Youngstown State University

Lead Contributor:  Timothy Wagner

An important contributor to the design and implementation of Inorganic/Materials

Chemistry Research Modules has been Timothy Wagner at Youngstown State University.

In their investigations seeking to synthesize potential pigment materials Dr. Wagner’s

students examine perovskite-type compounds with the general formula A(MxN1-x)F3

where A = K
+
, Na

+
, or NH4

+
, and M & N are two different first-row transition metals: Mn,

Fe, Co, Ni, Cu, or Zn.  Each section of students typically acts as a research team

investigating a composition range of x = 0, 0.1, 0.2… to 1.0 in a particular system.  The

following summarizes the compositions studied by various sections of General Chemistry

II during 2010:

Spring 2010:  (NH4)xK1-xCoF3, K(CuxNi1-x)F3 and K(CuxMn1-x)F3 series for x = 0.1, 0.2,

…0.9;  3 sections

Summer 2010:  K(CuxFe1-x)F3 series for x = 0.1, 0.2, …0.9 ; 1 section

Fall 2010:  K(CuxNi1-x)F3,  K(CuxMn1-x)F3 ,  K(CuxCo1-x)F3   series; note these compositions

were a repeat of compositions prepared earlier, but here the students used a slightly

modified synthesis approach in an attempt to avoid formation of a minor impurity phase

that forms in Cu-containing systems.

As noted by Dr. Wagner, the first of the series (above) targeted in the Spring 2010

implementation represents a departure from the usual modules in that the large cation

compositions (i.e. NH4
+
 and K

+
) were varied rather than the transition metal.  As expected,

this series did not show a large variation in color across compositions. The latter two of the

Spring 2010 systems were specifically targeted to complement previous data acquired for

the K(CuxCo1-x)F3 series.  In this system, there is a phase dependence on relative

compositions of Co vs. Cu present in the series, because KCoF3 is cubic while KCuF3 is

tetragonal due to the presence of Jahn-Teller distortions caused by the Cu
2+

 ion.  Thus, Co-

richer phases (x ≤ 0.6) are cubic, Cu rich phases (x ≥ 0.9) are tetragonal, and for the range x

= 0.7 to 0.8, a mixed phase system exists.  As KNiF3 and KMnF3 are also cubic, Cu-Ni and

Cu-Mn mixed systems were hypothesized to display similar behavior, and the results

indicate this to be the case for the Cu-Ni system. In the Summer 2010 module, studies of

the K(CuxFe1-x)F3 series indicated similar behavior in that system as well.  One problem we

have noted in studies of Cu-containing systems is the presence of an impurity known as

Claringbullite, Cu4Cl(OH)7⋅nH2O. Thus, students in the Fall 2010 module re-synthesized

compounds in the Cu-Mn, Cu-Ni, and Cu-Co systems using transition metal bromides as

precursors rather than chlorides.  Unfortunately, a Claringbullite-like fluoride phase

(apparently more stable than a bromide phase) was observed instead.  It should be noted,

however, that these impurity phases are relatively minor constituents of the product, and

quantitative analysis of the perovskite phases using Rietveld analysis is still possible.  To

our knowledge, only the related K(MgxCu1-x)F3 system has been published to date (Phys.

Chem. Minerals (1996), 23: 141-150), and we hope to eventually publish our results.
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Summary of KCuxNi1-x F3 Class Results, Spring 2010, Section 1

Target

Composition

KCuxNi1-xF3

Actual Composition

(from X-ray

Fluorescence data)

KCuxNi1-xF3

Crystal

system

Refined Unit

Cell Lengths

Determined

from X-ray

Powder

Diffraction

Data

Group

 

x 1-x x 1-x (angstrom)

% Match

 

1201 0.1 0.9 0.11 0.89 Cubic   4.0169   98.16*

1202 0.2 0.8 0.21 0.79 Cubic   4.02180   100

1203 0.3 0.7 0.32 0.68 Cubic   4.02775   94.23*

1204 0.4 0.6 0.42 0.58 Cubic   4.02718   98.16*

1205 0.5 0.5 0.56 0.44 Cubic   4.03286   96.45*

1206 0.6 0.4 0.64 0.36 Cubic   4.03512   98.31*

Cubic   a = 4.03757   95.98

1207 0.7 0.3 0.71 0.29
Tetragonal

  a = 4.13

  c = 3.92
    4.02

Cubic   a = 4.0371   18.95*

1208 0.8 0.2 0.82 0.18
Tetragonal

  a  = 4.0771

  c = 3.9759
  76.44*

Cubic   a = 4.05848   25.12*

1209 0.9 0.1 0.91 0.09
Tetragonal

  a = 4.11140

  c = 3.94135
  67.88*

* Impurity phases such as Claringbullite may be present

A series of KCuxNi1-xF3 samples prepared by a general chemistry class at YSU, Spring

2010.  The number below the samples corresponds to the group number listed above,

which in turn lists the specific sample compositions.  The results indicate that as Ni is

replaced by Cu in these materials, the color shifts from yellow to blue.
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In summary, the classes performing our fluoride-perovskite module have essentially

worked as research teams to prepare and characterize the known ternary phases and a series

of nine mostly unknown mixed metal quaternary phases for the systems discussed above.

The main goal of the overall work is to show that colors can be tuned by varying the

transition metal composition of these phases.  All students participating in Project REEL at

YSU characterize their compounds using a Rigaku Miniflex X-ray powder diffractometer,

an Ocean Optics UV-Vis reflectance spectrometer, and a Bruker X-ray fluorimeter (XRF).

The first two of these instruments are located directly in the general chemistry laboratory,

and were purchased in 2009 using NSF CCLI funds (DUE 0737302).  The XRF instrument

is located in our main X-ray diffraction facility.

REEL Enrollment at Youngstown State University
Course Term Module 2006 2007 2008 2009 2010

General Summer Synthesis and characterization of

perovskite-type mixed transition

metal fluorides as potential

pigment materials

14 17 24 16 20

General Fall Synthesis and Characterization of

Perovskite-Type Mixed Transition

Metal Fluorides as Potential

Pigment Materials

43 64 56 67 53

Presentations

Central Regional Meeting of the American Chemical Society, CERMACS 2007.
YSU implementation of the NSF Ohio REEL project. Timothy R. Wagner.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.

Poster Session.
Research Experiences to Enhance Learning (REEL) Project: Synthesis and characterization of

KCoxCu(1-x)F3 (x = 0 to 1.0). Rachel Kusnic, Timothy R. Wagner, Allen Hunter and Matthias

Zeller.

YSU Project REEL: Synthesis and characterization of A(M,N)F3 (A = K or NH4
+
; M, N = Mn,

Fe, Co, Ni, Cu, Zn). Debbie Ann Marie Smith, Timothy R. Wagner, Allen D. Hunter and

Matthias Zeller.

YSU REEL Project: Synthesis and characterization of several K(M,N)F3 (M,N=Mn, Fe, Co, or

Cu) compounds. Michael Dinh, John Perko, Debbie Ann Marie Smith and Timothy R. Wagner.

REEL Symposium, Wright State University, 2009.
Synthesis and characterization of the novel spinel composition Mn0.8Ni0.2Al2O4  Javonne

Lafontaine, Ashley Wolf, and Tim Wagner.

Synthesis and characterization of the novel perovskite series NaCoxM1-xF3(m = Fe, Ni).

Christopher Kurimski, Caleb Tatebe, Ashley Wolf, Chad Miller, and Tim Wagner.
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Central Regional Meeting of the American Chemical Society, CERMACS 2009.

Poster Session.
Synthesis and Characterization of the Novel Perovskite Series NaCoxNi1-XF3. Chad J. Miller and

Tim R. Wagner.

Synthesis and Characterization of the Novel Perovskite Series NaCoxNi1-XF3. Ashley M. Wolf

and Tim R. Wagner

Central Regional Meeting of the American Chemical Society, CERMACS 2010.

Poster Session.
Synthesis and Characterization of the Novel Perovskite Series (AK1-x)CoF3 for A = Na

+ 
and NH4

+
.

C. Tatebe, A.M. Wolf, and T.R. Wagner

Synthesis and Characterization of Fluoride Perovskites in the Series K(CuxM1-x)F3 for M = Ni,

Mn, and Co.  A.M. Wolf, and T.R. Wagner
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Wright State University

Lead Contributor:  Suzanne Lunsford

The “Development of Electrochemical Environmental Sensors” Research Module at

Wright State University is closely aligned with the research interests of its designer

Suzanne Lunsford.  Under Dr. Lunsford’s guidance a very large number of publications

have resulted from a very small number of student researchers.

From Dr. Lunsford’s perspective, REEL is consistent with her aim of increasing the

number of STEM majors at WSU. The REEL program has helped to encourage first year

undergraduate students to continue research in chemistry by the development of modules

that are hands-on to assist with the learning of traditionally difficult topics such as redox

chemistry/electrochemistry.   The REEL program has helped Dr. Lunsford recruit

undergraduate students to continue research and work in her lab.  Presently, two students

that were part of the REEL program are working on graduate degrees in chemistry at

Wright State University (Amber Yeary and Vincent Nguyen)

Dr. Lunsford’s research group investigates sensor development for detection of

neurotransmitters and heavy metal detection.  The development of electrochemical

sensors is crucial for the pharmaceutical field for such chemicals such as catecholamines,

phenols and heavy metals. It is essential to develop simple and rapid methods for the

determination of these biological molecules and possible heavy metals in routine

analysis. These voltammetric /electrochemical sensors are needed not only for medicinal

purposes but also for environmental studies for the real-world problems such as water

contamination from heavy metals to phenol compounds.  The relevancy and “real-world”

applications of this work makes it well-suited for in-class research projects.

For Dr. Lunsford, having undergraduates, especially female students, contribute to her

research program is a priority.  She has had three students graduate with a Master in

Chemistry at Wright State University and they were all women.  REEL courses have

been instrumental in recruiting students and this last year three more undergraduates

(from REEL) were welcomed into her research lab.  All of these students are deeply

involved in research projects related to their REEL coursework and, given Dr. Lunsford’s

strong track record of including undergraduates in research publications, they will soon

be communicating their results in print.

REEL Enrollment at Wright State University
Course Term Module 2006 2007 2008 2009 2010

Analytical Summer Development of electrochemical

environmental sensors

30 35 30 56

Publications

Electrochemistry and Detection of Organic and Biological Molecules Such as Catechol

and Ascorbic Acid at Conducting Poly (2,2’-Bithiophene) Electrode, Lunsford, Suzanne,

K., Stinson, J., and Widera, J., Analytical Science Digital Library (www.asdlib.org),

9/06.
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Synthesis of a Sonogel-Carbon Modified Sensor Electrode with Titanium Oxide (TiO2) to

Detect Catechol in the Presence of Common Interferents by Voltammetric Studies,

Lunsford, Suzanne, K., Yeary, A. Stinson, J., Choi, H. Dionysiou, D., Analytical Science

Digital Library (www.asdlib.org), 5/07.

Voltammetric Determination of Catechol Using a Sonogel Carbon Electrode Modified

with Nanostructured Titanium Dioxide, Lunsford, Suzanne, K., Choi, H., Stinson, J.,

Yeary, A., and Dionysiou, D., Talanta, 73, 172-177 (2007).

Electrochemical detection of phenol utilizing a synthesized snogel-carbon zirconium

oxide.  Lunsford, S.K., Yeary, A., Nguyen, Q.P.  Analytical Science Digital Library.

(www.asdli.org) 7/08.

Electroanalytical and Spectroscopic Studies of Poly(2,2’-bithiophene) Modified Platinum

Electrode to Detect Catechol In the Presence of Ascorbic Acid,  Lunsford, Suzanne K.,

Speelman, N., Stinson, J., Yeary, A., Widera, J., Choi, H., and Dionysiou, D., J. Chem.

Ed.,  85, 128-130 (2008).

A lab to STEMulate undergraduate students into science, technology, engineering, and

mathematics majors.  Nicole Speelman.  Master of Science Thesis, Wright State

University (March, 2009).

Conducting Polymer Matrix Poly (2,2’-bithiphene) Mercury Metal Incorporation,

Suzanne Lunsford, Analytical Letters 44, 727-735 (2011).

Simultaneous Determination of Catechol and Ascorbic Acid with CTAB Modified

Carbon Paste Electrode: An Inquiry-Based Experience. Suzanne Lunsford, The Chemical

Educator (In Review).

Presentations

REEL Symposium, The Ohio State University,  2006.
Electrochemical detection of catechol neurotransmitter in the presence of ascorbic acid conducting

poly (2,2’-bithiophene) platinum electrode.  Steve Ballmer, Michele Vanchura, Nicole Speelman,

Suzanne Lunsford.

American Chemical Society (ACS) meeting, Chicago.  2007.
Voltammetric determination of catechol in the presence of ascorbic acid at sonogel-carbon

electrode modified with titanium oxide.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.
An electroanalytical inquiry based module. Suzanne K. Lunsford and Nicole Speelman.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.

Poster Session.
REEL project on modified electrodes to detect neurotransmitters. Lindsey D. Hogle,

Suzanne K. Lunsford and Dionysios D. Dionysiou.
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Central Regional Meeting of the American Chemical Society, CERMACS 2008.
Sonogel Carbon Zirconium Dioxide (ZrO2) Electrode Sensor to Detect 1,2-Dihydroxybenzenes.

Suzanne K. Lunsford, Rachel Kingdom, Lindsey Hogle, Vincent Nguyen.

Central State University

Lead Contributor:  Suzanne Seleem

The number of REEL participants at Central State University has been very, very small

(<40 for the entire grant).  This has been due to the small size of the Chemistry

department at Central State, but also to the decision by the lead contributor at the

institution (Suzanne Seleem) at the program’s onset to only include REEL in the

Analytical Chemistry courses, not in General Chemistry.

The REEL content at Central State has been more inquiry-based than the preceding non-

REEL experiments.  There has not been a consistent theme to the projects, however, and

the research topics have been different most years.  This fact, coupled with the small

number of student contributors and limited buy-in at the institution by faculty beyond Dr.

Seleem, has made the generation and communication of new chemical knowledge

untenable.  In 2009 Central State did have a significant presence at the REEL

symposium, but overall it is unclear if REEL has led to any meaningful change at this

institution that will persist without Dr. Seleem’s guidance.

REEL Enrollment at Central State University
Course Term Module 2007 2008 2009 2010 2011

Analytical Spring Green Chemistry -- 10

Analytical Spring Phytochemical Antioxidants with

Potential Health benefits in Foods

10

Analytical Spring Quantitative Analysis and

Forensics Science

7 10

Presentations

REEL Symposium, Wright State University, 2009.
Controlling the diasteroselectivity of glycosylation reactions. Jelissa Vinson and Kristopher

Wright.

Measuring antioxidants. Markeata Lee and Felicia Sheets.

Measuring antioxidant activity in dried fruits and the corresponding fruit juice. Felicia Sheets,

Markeata Lee,and Dr. Suzanne Seleem.

Antioxidants vs. radical oxygen species: the good vs the bad. Linda Ubadigbo.

Would antioxidant activity in fruit juice change if temperature increases? Chester Williamson.
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The University of Toledo

Lead Contributor:  Steve Sucheck

Under the guidance of Steve Sucheck a remarkable student-centered research program

has been developed at the University of Toledo.  Several hundred Organic Chemistry

students each year contribute to a research project of great coherence that builds upon

previous findings, generates new chemical knowledge, and then communicates this

information at conferences and in research articles.

This Research Module examines the N-aryloxazolidin-2-one moiety, which is present in a

number of compounds displaying diverse biological activities. Some of their properties

include monoamine oxidase (MAO) inhibition, GP IIb/IIIa antagonisim, neuroleptic

activity, and antibacterial activity. Due to this medicinal importance, methods for

generating libraries of these compounds have been of great interest. Students in the REEL

program at the University of Toledo have been developing simple high yielding methods

for the preparation of N-alkyloxazolidin-2-ones. Currently a halide catalyzed

cycloaddition between alkyl an isocyanates and a monosubstituted oxiranes is being used

to form the oxazolidin-2-ones. In some experiments the different oxazolidin-2-ones are

elaborated in one to two steps to form combinatorial libraries which are screened for

antimicrobial activity. The previously unknown compounds prepared by students have

the  potential to become new leads for the treatment of infections such as Mycobacterium

tuberculosis and Methicillin resistant Staphylococcus aureus. Students have also been

exploring the use of microwave reactor technology in the synthesis of oxazolidinones in

the classroom as well as other types of reactions. For example, lab students used

microwave chemistry that was developed by previous students to prepare a protected

form of the known antidepressant toloxatone in a single step. Students also explored the

use of new catalysts for the cycloaddition between alkyl isocyanates and a

monosubstituted oxiranes, more recently they explored the use of alternate solvents and

catalysts for oxazolidinones.

There is a strong synergy between Dr. Sucheck’s teaching, his mentoring of Organic

Chemistry students, and his research group, and he is continually seeking ways to include

research into his REEL courses.  As Dr. Sucheck personally notes, during the 2010-2011
academic years his research group included six undergraduates.  Kevin Trabbic a
medicinal chemistry major worked on completing the synthesis of tetrahydrobenzo[b]
thiophenes.  The compounds are inhibitors of antigen 85 an enzyme involved in cell was
synthesis of mycobacteria. The project is interesting since the thiophenes are the result of
a simple Gewald synthesis which is completed in one step and the products are
crystalline. Since some of the products have been shown to have antibacterial activity
against mycobacteria, the preparation of these derivatives could be ideal for introduction
into organic teaching labs. Further the reaction is known to be accelerated by microwave
irradiation. Introduction of additional groups on the amine moiety could be performed to
generate libraries. It is expected that the introduction of sulfonamides at the amine
position would generate transition state inhibitors of antigen 85 based on the compounds
mode of interaction  with the enzyme. Kevin completed an honors thesis in the project
and is now a graduate student at Wayne State University. Another undergraduate,
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Chemistry major Amada Lodizinski started working in the lab after the REEL project and

completed the synthesis of glycosyl azides in our lab.  She graduated this year completing

her honors thesis in my lab and began medical school at The University of Toledo

Medical Center. She also graduated with the department’s highest honor, The

Outstanding Graduating Senior Award. Four new undergraduates Kyunghee (Lydia) Lee,

Shen Zhang, Shuanqianzi (Coco) Li, and David Long, have joined the lab. Coco and

Shen are working on preparing simple one and two step derivatives of the

tetrahydrobenzo[b]thiophenes which could be screened for antibacterial activity. The

work would make a logical follow on to the oxazolidinones labs. Kyunghee (Lydia) Lee

is starting a project involving the development of a simple inexpensive single step

method to modify an abundant renewable resource to a high value intermediate. The

project is ideal for the undergraduate lab setting.

REEL Enrollment at the University of Toledo
Course Term Module 2006 2007 2008 2009 2010 2011

Organic Fall Synthesis & biological activity

of N-aryloxazolidinones

12 24 33 39

Summer Synthesis & biological activity

of N-aryloxazolidinones

6

Spring Synthesis & biological activity

of N-aryloxazolidinones

282 294 343 377 385

Spring Microwave Synthesis of N-

Aryloxazolidinones

6 9

Publication

Synthesis of triazole-oxazolidinones via a one-pot reaction and evaluation of their

antimicrobial activity. Demaray, J. A.; Thuener, J. E.; Dawson, M. N.; Sucheck, S. J.

Bioorg. Med. Chem. Lett, 18, 4868–4871 (2008).

Three papers are currently in preparation.

Presentations

Central Regional Meeting of the American Chemical Society, CERMACS 2007.
The preparation of 1,2,3-triazole oxazolidinone derivatives: a research oriented multistep parallel

synthesis module for the organic chemistry laboratory. Treasure J. Sucheck and Steven J. Sucheck.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.

Poster Session.
An efficient preparation of 3-p-tolyl-2-oxooxazolidines containing 4-substituted 1,2,3-triazoles

and preliminary evaluation of their antibacterial activity. Jeffrey A. Demaray, Matthew N.

Dawson, Samuel S. Adams, Jason E. Thuener and Steven J. Sucheck.

REEL Symposium, Cleveland State University, 2007.
Synthesis of 4-substituted 1,2,3-triazole-oxazolidinones via a three-component reaction.  Jeffrey

A. Demaray, Jason E. Thuener, Matthew N. Dawson, and Steven J. Sucheck.

Central Regional Meeting of the American Chemical Society, CERMACS 2008.
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Research in the Teaching Lab:  A Microwave Accelerated Synthesis of Oxadolidin-2-Ones.

Steven J. Sucheck.

Central Regional Meeting of the American Chemical Society, CERMACS 2008.

Poster Session.
To Nuke or Not to Nuke: The Joys and Pitfalls of Microwaves. Jonathan W. Crowe, Mallory P.

Ladd, Shannon C. McCann, Derek L. Mull, Virginie Casarotto, Cora Lind, Steven J. Sucheck.

Synthesis of 1,4-Disubstituted 1,2,3-Triazole-Oxazolidin-2-Ones Via a Three-Component

Reaction.  Jeffrey A. Demaray, Jason E. Thuener, Matthew N. Dawson, Steven J. Sucheck.

Biennial Conference on Chemical Education, BCCE 2008.
REEL Innovations in Organic Chemistry Courses: A Multi-Institutional Perspective.  Steven

Sucheck (Toledo University), Paul Anderson (Miami University), Ted Clark, Rick Spinney (The

Ohio State University), Richard Taylor (Miami University).

REEL Symposium, Miami University, 2008.
Halide-Catalyzed Microwave Accelerated Synthesis of N-Aryloxazolidin-2-Ones and their

Conversion to C5-Substituted-Triazole-Oxazolidin-2-ones via a Three-Component Reaction. M.

Ladd, J. Crowe, D. Mull, S. McCann, K. Swiatek, and S. Sucheck.

Microwave-Accelerated Halide-Catalyzed Synthesis of N-Aryloxazolidin-2-ones from

Carbamates and Epoxides. K. Ozga, K. Swiatek, and S. Sucheck.

National Science Foundation Active Awards, University of Toledo.  2008
Microwave-Accelerated Halide-Catalyzed Synthesis of N-Aryloxazolidin-2-ones from

Carbamates and Epoxides. K. Ozga, K. Swiatek, S.J. Sucheck.

To Nuke or Not to Nuke: The Joys and Pitfalls of Microwaves. Jonathan Crowe, Mallory Ladd,

Shannon McCann, Derek Mull, Virginie Casarotto, Cora Lind;  S.J. Sucheck

Synthesis of 1,4-Disubstituted 1,2,3-Triazole-Oxazolidin-2-Ones Via a Three-Component

Reaction. Jeffrey Demaray, Jason Thuener, Matthe Dawson, Steven Sucheck

REEL Symposium, Wright State University, 2009.
Controlling the diasteroselectivity of glycosylation reactions. Krzysztof Ozga and Steve Sucheck.

Design and synthesis of arabinbose-based compounds as inhibitors of antigen 85c. Kevin Trabbic,

Diaa A. Ibrahim, Samuel S. Adams, Aditya K. Sanki, Steven J. Sucheck.

Synthesis of toloxatone using a microwave-accelerated halide-catalyzed cycloaddition between a

glycidyl ether and an isocyanate. Amanda J. Lodzinski, Nivhan Arumugasamy, Shannon K.

Kraemer, Aileen N. Newmyer, Rommel S.Talan, and Steven J. Sucheck.

Central Regional Meeting of the American Chemical Society, CERMACS 2009.
The Development of a Research-Based Laboratory Module for the Undergraduate Organic

Chemistry Laboratory. Steven Sucheck and Treasure J. Sucheck
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Central Regional Meeting of the American Chemical Society, CERMACS 2009.

Poster Session.
Microwave-Accelerated Halide-Catalyzed Cycloaddition Between Glycidyl Ethers and

Isocyanates. Nivhan Arumugasamy, Shannon K. Kraemer, Amanda J. Lodzinski, Aileen N.

Newmyer, Rommel S. Talan and Steven J. Sucheck

Exploring Halide Catalysts in a Microwave-Accelerated Cycloaddition Between Epoxides and

Isocyanates. Evan A. Bruneau, Bret N. Feirstine, Jesse J. Monroe, Julia F. Mucci, Charles M.

Oliver, Ngam Sy, Rommel S. Talan and Steven J. Sucheck

Inhibitors of Mycobacterium tuberculosis antigen 85. D.A. Ibrahim, S.S. Adams, S.J. Sucheck,

K.R. Trabbic, D.R. Ronning, A.K. Sanki, J. Boucau

NIH & FDA Glycosciences Research Day (2010), Bethesda, MD
Inhibitors of Mycobacterium tuberculosis antigen 85. D.A. Ibrahim, K.R. Trabbic, S.S. Adams,

A.K. Sanki, J. Boucau, D.R. Ronning, S.J. Sucheck
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The Ohio State University

Key Contributors: Prabir Dutta, Patrick Woodward, Susan Olesik (faculty) Ted

Clark, Chris Callam, Noel Paul, Clay Harris (auxiliary faculty), Matt Stoltzfus,

Rebecca Ricciardo (instructors) Franci Ziegler, Brittany Poast (staff), Heather

Cuthbert, Harry Siebel (post-doctoral researchers).

The scale of REEL activities at OSU is very large, with General, Organic, and Analytical

Chemistry courses undergoing significant transformation into student-centered spaces by

including in-class research projects.  The extensive discussion of REEL in this report has

already detailed many innovations that are present at OSU.

Approximately 1,200 General Chemistry students have participated in Inorganic

Chemistry research in the “Pigment Design” Research Module.  This module began with

the understanding that most commercial pigments that are red and orange, and many

yellow inorganic pigments, contain toxic heavy metals such as Cd, Hg and Pb.  The

pigment design module that was developed at Ohio State University in year one and has

met with great success in subsequent years has focused on the synthesis and

characterization of alternate pigments that are environmentally friendly to replace these

toxic substances.  Research modules involving the design of pigments have been

transferred and implemented to other institutions.

The Pigment Research Module is very ambitious.  Students are introduced to a variety of

modern instrumental methods of analysis, including powder X-ray diffraction,

transmission UV-Vis spectroscopy, and reflectance UV-Vis spectroscopy.  Synthesis

methods involve precipitation reactions and traditional high temperature solid-state

methods.  Computational investigations are also included to better understand

relationships between color and structure.  These activities replace approximately three

weeks of traditional General Chemistry laboratory experiments, and are supported by

lectures and by meeting with students outside of class time.  As discussed previously,

Peer-Mentors are an important resource that make this laboratory experience feasible for

a large number of students each year at OSU.  Investigations of novel inorganic pigments

have engaged many students in the research process.  These students become more

knowledgeable with many topics that are usually given minimal attention in General

Chemistry courses, especially aspects of solid state chemistry, e.g. crystal structures,

analysis of X-ray diffraction data, band gap calculations, and correlations between color

and structure.  This involvement has prompted a group of students to volunteer to work

on this project under the guidance of Dr. Woodward, the module author.  An even larger

number of students chose to continue their involvement by working as Peer-Mentors.

Environmental Research Modules have been implemented with soil and water samples

being collected and analyzed in General and Analytical Chemistry courses, respectively.

In General Chemistry these investigations have favored X-ray fluorescence

spectrometers, flame atomic absorption spectrophotometers, UV-Vis spectrometers, and

ion-chromatography instrumentation.  In Analytical Cheimstry the instrumenation has
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included a wide range of ion-selective electrodes and ion-chromatography.  This module

is typically implemented with an overarching research theme, such as establishing the

anthropogenic baseline concentration of a particular analyte, but student groups are

especially interested in pursuing their own research questions in tandem.  An advantage

of this module is that both sets of research questions may be addressed simultaneously,

providing meaningful results for students and faculty alike.  This high degree of

ownership manifests itself in a very large number of students eager to share their findings

with research posters at conferences.

Several different Organic Chemistry Reseach Modules have been designed and

implemented at OSU, a reflection of the varied research interests of faculty and staff that

teach these REEL courses.  One of the most successful modules, developed by Chris

Callam, began with the realization that oligosaccharides are key players in a large number

of important biological events that have generated much interest in their preparation by

organic synthesis. Motivation for the synthesis of oligosaccharides (both naturally

occurring as well as modified analogues) can be found in a number of areas, including

biochemical studies and the investigation of anti-cancer vaccines.  The research module,

therefore, had students investigate the synthesis of carbohydrates by a novel procedure

employing fluorous tagging.  The concepts of fluorous mixture synthesis are shown in the

following figure.

Members of a series of substrates (S
1
-S

n
) are tagged with the corresponding series of

homologous fluorous tags (F
1
-F

n
).  Each fluorous tag bears the same reacting

functionality, but the tags differ in a series of homologous series of fluoroalkyl groups.

This difference controls the final separation.  The tagged substrates (S
1
F

1
-S

n
F

n
) are mixed

to give one mixture (M1) that is then taken through a series if synthetic reaction where

the economy of the mixture is harvested (the number of operations required at each stage

is divided by the number of tags). The mixture synthesis steps can be either one-pot

reactions to give new mixtures for example (M2->M3) or split-parallel reaction with a

series of building blocks to generate a number of new mixtures for example (M3-

>M1
4
…Mx4).  The one pot mixture reaction is an “internal parallel” approach with no

change of library size, while the split –parallel mixture reaction proceeds in “double

parallel” fashion that has powerful library amplification capability.   Just prior to

detagging, the products are “demixed” (separated) by fluorous chromatography.  This

separates the molecules, which elute in order of increasing fluorine content of tag. The

chromatography serves both to separate the mixture components and to identify the
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products.  Detagging provides a total of nx number of final products (P1
1
-Px

n
).   A proof

of principle demonstration of the concept has recently been published in which a fluorous

mixture synthesis of a 560 compound library of mappicine analogs was performed. This

successful exercise validates fluorous mixture synthesis as a powerful new combinatorial

technique.  It also demonstrates that the technique is scaleable; early steps (before

splitting) in the mixture synthesis were conducted on > 10 g scales.  Fluorous mixture

synthesis will be the technique used to in this module to achieve the synthesis of small

libraries.
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Students were initially given advanced training in spectroscopy, chromatography, solid

phase extraction, and fluorous separation chemistry along with preparatory lab

experiments.  As part of this research module, students synthesized fluorous tagged

donors and treated with acceptors under standard glycosylation reaction conditions to

prepare oligosaccharides.  Several new compounds were synthesized and characterized

by NMR spectroscopy, mass spectrometry, and infrared spectroscopy. As with the other

Research Modules used at OSU, this one has also resulted in a large number or student

research posters.
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REEL Enrollment at The Ohio State University
Course Term Module 2006 2007 2008 2009 2010 2011

Organic Summer  Computational analysis and

conformational distribution of

carbohydrate analogs

60

Organic Summer Ammonia Borane Reductions –

Diastereoselectivities

 81

Organic Summer Ammonia Borane Reductions – Scope

and Limitations

20

Organic Summer Fluorous Carbohydrate Synthesis 67 81

Organic Summer Reduction Selectivity of α, β

unsaturated carbonyl compounds with

Ammonia Borane Metal Complexes

75

Organic Summer Methanolysis and Hydrolysis of

Acylhydrazides.

83

Analytical Fall Natural Water Analysis 61 85 85 116 123

Organic Fall Computational analysis and

conformational distribution of

carbohydrate analogs

36

Organic Fall Ammonia Borane Reductions –

Diastereoselectivities

159

Organic Fall Investigation of N-Acylhydrazides 109

Organic Fall Asymmetric Reductions with

Biocatalysts

86

Organic Fall The Search for a Quantitative Anion

Selective Indicator for Aqueous

Solution

131

Organic Winter Investigation of N-Acylhydrazides 86

Organic Winter The Search for a Quantitative Anion

Selective Indicator for Aqueous

Solution

80 82

General Spring Inorganic Pigments 144 135 270 270 275 129

General Spring Environmental Chemistry: Soil and

Water Analysis

-- 140

General Spring Environmental Chemistry: Soil

Analysis in Central Ohio

178 135 370

Analytical Spring Natural Water Analysis 49 35 44 69 47 55

Publications

The electronic structure of vanadate salts:  Cation substitution as a tool for band gap

manipulation.  Dolgos, M.R., Paraskos, A.M., Stoltzfus, M.W., Yarnell, S.C., Woodward,

P.  Journal of Solid State Chemistry 182 (7), 1964-1971 (2009).

A Statewide Initiative for Engaging Undergraduates in Chemical Research, Ted M.

Clark, in  Broadening Participation in Undergraduate Research eds. Mary K. Boyd and

Jodi L. Wesemann, 121-125 (Council on Undergraduate Research, 2009).

“An Ambitious Statewide Transformation of Introductory Chemical Courses: Assessing

the Ohio Consortium for Undergraduate Research- Research Experiences to Enhance

Learning (OCUR-REEL) Project” in Assessment of Chemistry.  Assessment in the
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Disciplines, Volume 5, eds. Ryan, Clark, and Collier, 7-26 (Association for Institutional

Research, 2010).  Ted Clark.

“Does Chem-Research make a difference?”  NARST (National Association of Research

in Science Teaching) 2010 Conference Proceedings.

“Investigating the suitability of UV/Vis spectrophotometric methods for analyzing

arsenic in urban soils for use in undergraduate laboratory courses”. (2010)  Christine

Pellegrini, Student Senior Honors Thesis.

Presentations

Biennial Conference on Chemical Education, BCCE 2006.
Environmental chemistry research in the quantitative chemical analysis course".  Susan V. Olesik,

Ted Clark and T. Gustafson.

REEL Symposium, The Ohio State University,  2006.
Periodic trends in AMO4 compounds (A=Ag, Pb, Sr, Ba, M=Cr, Mo). Alexandra Paraskos,

Jennifer Scherer, Michelle Dolgos, Matthew Stoltzfus, Patrick Woodward

Conformational preferences of piperidine analogs using ab initio and density functional theory

calculations. Priya Patel, Maria Joy, Theresa Slaminko, Sheila Pabon, Christopher Callam.

Properties of silver phosphate and other transition metal oxyanions with silver.  Jalpa Patel.

Nitrate and phosphate purification through use of wetlands areas.  Victor Rendina and Jessica

Donehue.

Properties of the tin permanganate tungstenate vanadate pigment. Gina M. Aloisio.

Conformational preferences of piperidine derivatives using ab initio and density functional theory

calculations.  Poorvi Dalal, Mahvish Ahmed, Michelle Kline, Christopher Callam.

Periodic trends of VO4
3-

 compounds (Ag
+
, Bi

3+
, Sr

2+
, Ba

2+
, Ce

3+
, Pb

2+
). Alexandra Paraskos,

Jennifer Scherer, Michelle Dolgos, Matt Stoltzfus, Patrick M. Woodward.

American Chemical Society (ACS) meeting, Chicago.  2007.
The Ohio REEL Project: Research Experiences to Enhance Learning. Susan V. Olesik, Ted Clark

and T. Gustafson.

Bringing research to the undergraduate course curriculum.  William Boone, Vinodkumar

Subramaniam, Prabir K. Dutta, Patrick M. Woodward.

About the Ohio REEL project: Research experiences to enhance learning.  Patrick M. Woodward,

Prabir K. Dutta, Vinodkumar Subramaniam, Richard T. Taylor, Ted Clark, Susan J. Olesik, Chris

Callam, Weldon Mathews, Rick Spinney, William J Donovan, John W. Francis.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.
Undergraduate student participation in classroom-based environmental chemistry research. Ted

M. Clark.
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Training undergraduate peer mentors for a research-based general chemistry laboratory course.

Matthew W. Stoltzfus and Patrick M. Woodward.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.

Poster Session.
The search for new pigments: Bringing research into the general chemistry curriculum at Ohio

State University. Patrick M. Woodward, Prabir K. Dutta, Matthew W. Stoltzfus, Richard Spinney

and Brittany Poast.

Periodic trends in Ag2MO4 and AMO4 compounds (A=Pb, Sr, Ba; M=Cr, M, W). Jennifer M.

Scherer, Matthew W. Stoltzfus, Michelle Dolgos and Patrick M. Woodward.

The nitrate and chloride concentrations present in an urban natural waterway. Megan

Song, Tina Chuang, Natalie Saldana, Jason Stybel and Ted M. Clark.

The effectiveness of a wetland for the removal of nitrate and phosphate contaminants.

Christopher Madden, David Prospal, Mike Severance, Jessica Schultz, Breanna Urling, Kevin

Basta and Ted M. Clark.

Investigation of halide contaminants in rivers, ponds, and lakes in Columbus, Ohio. Lindsey

Pack, Lauren Porter, Rachel Golden, Natalie Thomas and Ted M. Clark.

A longitudinal investigation of nitrate and phosphate levels in the Olentangy River. Victor

Rendina, Jessica Donehue and Ted M. Clark.

REEL Symposium, Cleveland State University, 2007.
Fluorous carbohydrate synthesis:  Preparation of 1H, 1H, 2H, 2H-perfluorodecane-1-thiol and 4-

(1H, 1H, 2H, 2H-perfluorodecyl) benyzl alcohol tagged acceptors and applications to glycoside

bond synthesis.  Michael Woodruff, Jessica Donehue, Linda Tran & Christopher Callam.

Divine chemistry or divine comedy?  Design and development of student Digital Video Inquiry

NarrativE projects.  Ted M. Clark, Terry Gustafson, Subramanian Prasad, Rick Spinney, Jerrie

Campbell, Nick Johnson.

The Ohio consortium for undergraduate research: Research experiences to enhance learning

(OCUR-REEL) project update.  Ted M. Clark, Prabir Dutta, Patrick Woodward.

Central Regional Meeting of the American Chemical Society, CERMACS 2008.
Project REEL in AP Chemistry.  Brian M. Urig, Christopher Stabler, Tony Ruggear, Ted M.

Clark.

Reflections on Implementing a Pigment Research Module in General Chemistry.  Patrick M.

Woodward, Matthew W. Stoltzfus.

DIVINE Chemistry and the OCUR-REEL Program:  Student Experiences with DIgital Video

Inquiry NarrativE Projects.  Rick Spinney, James Treadway, Ted Clark.

Issues Concerning the Assessment of Student Experiences with DIgital Video Inquiry NarrativE

(DIVINE) Projects in Chemistry Courses. Ted M. Clark and Caroline T. Clark.
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Training Undergraduate Peer-Mentors for a Research-Based General Chemistry Laboratory

Course. Matthew W. Stoltzfus, Ted M. Clark.

Central Regional Meeting of the American Chemical Society, CERMACS 2008.

Poster Session.
Ammonia Borane - Reductions of Organic Functional Groups, Studies in Diastereoselectivity,

and Solvent Effects.  Michael Woodruff, Jennifer Scherer, Christopher Callam.

Fluorous Carbohydrate Synthesis - Preparation of Fluorous Tagged Acceptors and Donors for

Application to Glycoside Bond Synthesis.  Michael DiBartola, Andrew Aten, Christopher

Callam.

Software Development for Spinel Structure Prediction.  Daniel C. Hannah, Patrick M.

Woodward.

Determination of Nitrate Concentrations on the Olentangy River in Columbus OH.  Parevi

Majmudar, Mazen Roshdy, Joshua Illencik, Joel Ronoh, Ted Clark.

The Influence of the OSU Wetlands on Nitrate Concentration and pH.  Kurt Farrell, Jonathan

Bonchak, Peter Davis, Joe Hipp, Ted Clark.

The Affect of the OSU Wetlands on Buffer Capacity, Nitrate Concentration, and pH.  Jacob

Brenner, Brad Rarick, Keith Lamping, Amenze Osa, Pam Ehule, Ted Clark.

Biennial Conference on Chemical Education, BCCE 2008.
Technology, undergraduate student research, and multi-institutional collaboration.  Ted M. Clark

and Rick Spinney.

Ohio consortium for undergraduate research: Research experiences to enhance learning (OCUR-

REEL) project. Ted M. Clark.

DIVINE chemistry and digital literacy:  Student experiences with DIgital Video Inquiry

NarrativE Projects. Ted M. Clark and Caroline T. Clark.

REEL Innovations in Organic Chemistry Courses: A Multi-Institutional Perspective.  Steven

Sucheck (Toledo University), Paul Anderson (Miami University), Ted Clark, Rick Spinney (The

Ohio State University), Richard Taylor (Miami University).

REEL Symposium, Miami University, 2008.
Ammonia borane reductions- Effect of concentration and stoichiometry on stereoselectivity.

Darrice Collins, Michael Woodruff, and Christopher Callam.

Study of possible pollution in the Olentangy River as a result of runoff from combined storm

sewers.  Kimberly Shookman, Melanie Butler, Kelsey Kerton, and Jennifer Yui.

Role of phosphates and oxygen concentration in the Olentangy and Scioto Rivers.  Dan Hannah,

Rishi Patel, Andrew Goodrich, Tyler Johns.
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A chemical profile of the Olentangy River.  Laura Sanman, Andy Merriman, Alex Cherry, Ashley

Bartman.

A study of pollutants present in the Scioto River before and after its confluence with the

Olentangy River.  Sarah Watson, Jeremy Kohler, Joe Fernandez.

Methanolysis and Hydrolysis of N-Acylhydrazides using Polymers-Supported Acids. Darrice

Collins and Christopher S. Callam.

Vanadate salts: Using charge transfer and d-d transitions to make new pigments.  Derek Decker

and Patrick Woodward.

Investigation of the series SrCr(1-x)Mo(1-x)O4.  Rachael Gaser, Matthew Stoltzfus, Patrick

Woodward, and Harry Siebel.

Isolation of alpha-mangostin in Garcinia mangostana L.   Lona Sharma, Rachel Kopec, Steven

Schwartz, Clay Harris, Ted M. Clark

An analysis of the pollutant composition in the rivers of central Ohio.  Chu-Yueh Guo, Michael

Tang, Michael Beaulieu, Sridevi Ramalingam, Alisaar Aboudiab.

The determination of baseline data for surface soil contamination in Columbus, OH.”  Jason

Stybel and Ted M. Clark.

Comparison of arsenic, cobalt, and lead in Columbus railway soils to metro-park background

levels.”  Tim Wang and Ted M. Clark

Investigation of Anthropogenic Contamination of Soil from Columbus, OH. Steven Kiracofe and

Ted M. Clark.

A longitudinal description of undergraduate chemistry research at the Ohio State University.  Ted

M. Clark.

REEL Symposium, Wright State University, 2009.
Evaluation of the Research Experiences to Enhance Learning (REEL) Program: Past, Present &

Future.  Ted M. Clark.

Determination of as in soil samples by UV-Vis spectroscopy: Method development.  Christine

Pellegrini, Ted M. Clark.

Dissemination of reel environmental research: from classroom to lab to the public. Victoria

Mason and Ted M. Clark.

The abcs of band gaps; the effect of Ag
+
, Bi

3+
, Ce

3+
 on the band gaps of molybdates and

tungstates. Bradley R. Jones, Dr. Heather L. Cuthbert, and Pat M. Woodward.

Polymorphic behavior of the potential pigment cobalt molybdate.  Casey A. Smith, Dr. Heather

L. Cuthbert, and Patrick M. Woodward.
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Central Regional Meeting of the American Chemical Society, CERMACS 2009.
Should General Chemistry Students Read Journal Articles?  Student Perspectives on the Inclusion

of Primary Literature in Science Courses.  Ted M. Clark.

Students Teaching Students:  The Training of Peer-Mentors in Chemistry.  Ted M. Clark

Project REEL in Advanced Placement Chemistry. Ted M. Clark and Brian M. Urig.

Central Regional Meeting of the American Chemical Society, CERMACS 2009.

Poster Session.
The Affect of Precipitation On the Concentration of Nitrogenous Species near Combined Sewage

Overflows On the Olentangy River. Melanie Butler, Kelsey Kerton, Kimberly Shookman,

Jennifer Yui and Ted M. Clark.

A Short-Term Investigation of Combined Sewage Overflows (CSOs) along the Olentangy River.

Andrew Goodrich, Daniel Hannah and Ted M. Clark.

Isolation of Alpha-Mangostin In Garcinia Mangostana L. P. Lona Sharma, Rachel Kopec, Steven

Schwartz, Clay Harris and Ted M. Clark.

Contamination of Urban Soils In the Greater Columbus, OH Area. Jason Stybel, Jason Eng,

Steven Kiracofe and Ted M. Clark.

Methanolysis Reactions of N-Acylhydrazides Using Polymer Supported Acids. Caitlin McCurdy-

Robinson, Matthew Tricomi, Eric Fichtenbaum, Samuel Boayke, Nataliya Isakov, Dustin Baker,

David Johnson, David J. Hart and Christopher Callam.

Inorganic Pigments (Project REEL). Brian M. Urig, Ryan Hershey, Bryan Bernreuther, Paul

Mason, Kurt Russell, Austin Smith, Mark Groseclose, Michael Shaffer, Becca Rugggear and

Melissa Hubley.

National Association of Research in Science Teaching, NARST 2010.
Does Chem-Research make a difference?  Ted M. Clark, Jane Butler Kahle, Sarah B. Woodruff,

Yue Li.

Pittcon 2010.
Inclusion of x-ray powder diffraction and solid-state research in general chemistry courses.  Ted

M. Clark, Patrick Woodward, Matt Stoltzfus, Heather Cuthbert.

Introducing authentic research experiences to first and second year students through

environmental chemistry.  Ted M. Clark.

Pearson Strategies for Success Workshop, 2009.
The Research Experience to Enhance Learning (REEL) Program:  Incorporating Research into

Undergraduate Chemistry Courses.  Ted M. Clark.

Central Regional Meeting of the American Chemical Society, CERMACS 2010.

Poster Session
Ambitious characterization of heavy metals found in urban soil in the Greater Columbus, OH

area. Jason Eng, Jason Stybel, Ted M. Clark
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Biennial Conference on Chemical Education, BCCE 2010.
Including in-class environmental chemistry research projects in general and analytical chemistry

courses.  Ted Clark

Inorganic coordination chemistry in undergraduate courses:  Design, implementation, and

evaluation of an integrated laboratory/classroom experience. Rebecca Ricciardo, Ted Clark,

Heather Cuthbert, Matthew Stoltzfus and Patrick Woodward

Inclusion of solid-state chemistry research in general chemistry labs:  Successes, challenges, and

future plans. Heather Cuthbert, Ted Clark, Rebecca Ricciardo, Matthew Stoltzfus and Patrick

Woodward

Are in-class research experiences different?  Do they make a difference? Heather Cuthbert and

Ted Clark
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Transferred Research Modules

Research Modules in use at the University of Akron, Bowling Green State University,

and Capital University were transferred from partner institutions.  This transfer may have

included research ideas, best-practices and suggestions for implementation, and (early in

the program) the sharing of laboratory instrumentation.  By the end of the grant the

sharing of instrumentation was not longer common since all institutions obtained

sufficient resources for module implementation.  The number of students that participated

in transferred Research Modules is very high, about 25% of REEL’s total enrollment.

The corresponding research output, however, is mixed, being high for Capital University,

moderate for BGSU, and very low for Akron when measured in terms of student research

presentations.  There have not been any REEL-related research publications from these

institutions.   It is reasonable to conclude that in-class research experiences that are based

on transferred research projects may lead to pedagogical transformation for a large

number of students, but it is not clear that they are capable of generating and

communicating new chemical knowledge.

Capital University

Lead Contributor:  Jens Hemmingsen

Other Contributors: Margaret E. Ginn-Pease, William Clark, Jr., Steven Clymer,

Daniel Turner, Terry Lahm.

Capital University has been an active partner in the REEL Consortium since 2007 and

~1,000 students have participated in Research Modules there.  Capital’s involvement in

REEL has been exceptional in several respects.  Although research topics been

transferred to Capital, the resulting modules have been extensively adapted to better suit

Capital’s students.  It is noteworthy that this has occurred in all three of REEL’s research

areas, i.e. Inorganic/Materials, Environmental, and Organic Chemistry.   These modules

have been used in multiple courses, including General Chemistry and in an inquiry-

enriched course (“CHEM 115: Science by Inquiry”).  The Research Module “Synthesis

of Polyhydroquinolines” has been used in Organic Chemistry and was transferred from

Miami University.  Capital has also supported a summer research project involving two

students and one faculty member that was an extension of REEL’s Water Analysis

module.

As implemented at Capital, the Inorganic Pigment module has involved student synthesis

of potassium fluoride perovskite pigments using cobalt, copper, or nickel as the transition

metal ion. Novel perovskite pigments were investigated using a mixture of two transition

metals with students choosing the percentage of each transition metal used in their

synthesis. Students characterized each pigment using solid-state UV-Vis, X-ray
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fluorescence and powder X-Ray diffraction. Some samples showed an interesting shift in

unit cell dimensions upon systematic variation in the transition metal composition and

will be investigated.  An activity introducing crystal packing was also accomplished

using ICE model kits provided by REEL.

In the Natural Water Analysis project at Capital, students developed and tested their own

hypotheses regarding the ion content of natural water samples and the impact of

watershed features (point sources, non-point sources, river confluence) on the ion

content. Students collected natural water samples from local sources and analyzed them

for nitrate ion, phosphate ion, or chloride ion using either visible spectrophotometry or

electrochemical methods. Quantitative data were obtained using an external calibration

curve and a standard addition method. Results were presented in both in-class reports and

research posters.

The Organic Synthesis Research Module centered on the synthesis of a

polyhydroquinoline from primary literature sources using a one-pot, solvent-free

synthetic scheme. Products were then characterized with IR and NMR spectroscopy and

melting point determination.  Additional investigations in this area are planned.

The future of REEL at Capital is very bright.  As the lead contributor Jens Hemmingsen

states, the use of in-class research experiences will continue to be very extensive-

The REEL modules have profoundly affected the general chemistry

curriculum at Capital University. We will continue to explore inorganic

pigments and analyze environmental water samples in our introductory

chemistry courses. The elementary education course will also continue to

analyze environmental soil and/or water samples as one of their course

modules. The summer organic chemistry laboratory will continue to

explore synthesis of polyhydroquinolines. The use of research-based

modules continues to expand with metal analysis of ancient coins and

DNA thermal melt experiments being introduced into an enhanced general

chemistry laboratory section and analytical chemistry. In the elementary

education course, we have begun to develop a DNA fingerprinting

laboratory that will evaluate ABO blood type without using blood

samples. (personal communication)

The REEL faculty and staff at Capital have identified several strengths of in-class

research experiences including:

• Student Engagement - Students report a higher level of engagement and interest in

the REEL laboratories. Surveys of general chemistry students report the following

results:

o 74% of students agree or strongly agree that the course increases research

experiences,

o 95% of students agree or strongly agree that they gained additional experience

with instrumentation,
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o 76% of students agree or strongly agree that the course supported interaction with

students that share interests,

o 73% of students describe REEL labs as effective or very effective for learning.

• Increased Number of STEM Majors - The number of chemistry majors has

increased since implementing REEL. In 2010 and 2011 Capital had 15 and 19

junior/senior majors in the chemistry department compared with a maximum of 10

majors each year for the previous five years. Faculty use a version of the Pigment

Research Module during student recruiting visits, and new students frequently say

that they remember the REEL experience when they arrive at Capital.

• Number of Student Presentations - The number of student presentations has

increased dramatically as a result of REEL. Twelve students presented work each

year at the American Chemical Society (ACS) regional meeting in 2009 and 2010,

compared with no student presentations at ACS meetings prior to implementation of

REEL.

• REEL Consortium - Collaboration with REEL consortium members has been

important for Capital’s success. OSU has provided Capital with instrumentation and

expertise to support REEL and this collaboration continues to thrive with Capital

students annually traveling to OSU to perform powder X-Ray diffraction

experiments.   The inorganic pigment lab was adapted from Tim Wagner at

Youngstown State, and thee polyhydroquinoline synthesis was adapted from Rich

Taylor at Miami University. Without these collaborations, our REEL program would

not have been as successful.

In addition to the these strengths, faculty and staff at Capital have identified the following

weaknesses for the REEL program:

• Assessment Feedback – Due to financial constraints most of REEL assessment has

been analyzed and reported in aggregate.  This means that a smaller institution, like

Capital, received limited feedback regarding student attitudes and opinions about the

REEL program. This makes it challenging for faculty to stay motivated to complete

the student surveys each semester over the course of the 5-year project. Intermediate

assessments results would be helpful and could have been led to formative changes.

• REEL Symposium – Capital was involved in organizing the REEL Symposium each

year. It is not clear that an independent symposium was needed for the program. In

the end, it seemed like presenting REEL results at the ACS regional meeting was

more efficient and effective than a separate event.

It should also be noted that the buy-in at Capital was the greatest among all REEL

institutions.  Under the leadership of the department Chair (Dr. Hemmingsen), all faculty

and staff were expected to participate and contribute to REEL.  This unanimous support

was the exception, not the rule, at REEL institutions, and certainly contributed to

Capital’s success.
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REEL Enrollment at Capital University
Course Term Module 2007 2008 2009 2010 2011

General Summer Inorganic Pigments 22 18

General Summer Natural Water Analysis 24 21

Organic Summer Synthesis of Polyhydroquinolines 33 34

General Fall Inorganic Pigments 70 98 94 100 107

General Fall Natural Water Analysis 23 21

General Spring Inorganic Pigments 16 28 18

General Spring Natural Water Analysis 76 84 98 98

Presentations

Central Regional Meeting of the American Chemical Society, CERMACS 2008.

Poster Session
Nitrate Levels in Central Ohio Waterways: A REEL Undergraduate Laboratory.  Jamie J.

Schwefel, Jillien H. Whiteside, Regan Rutherford, Megan Thiery, Ruta Berhanemeskel, Margaret

E. Ginn-Pease.

Analysis of Water from Alum Creek Combined Sewer Overflow for NO3
-
, Cl

-
, and Pb

2+
: A REEL

Undergraduate Laboratory.  Chaunda N. Brooks, Patricia Buck, Jens M. Hemmingsen.

REEL Symposium, Miami University,  2008.
Nutrient contamination and wetland effects near Logan, Ohio: A pilot study.  Corey Hinkle, Ryan

Griffin, William Clark, Jr., Margaret Ginn-Pease, and Terry Lahm.

REEL Symposium, Wright State University, 2009.
Water analysis of Sunday creek for acid mine drainage effects. Janet M. Downs, Sierra S. Hill, and

William J. Clark, Jr.

Enhanced detection limits of ion selective electrodes. Sierra S. Hill, Janet M. Downs, and

William J. Clark, Jr.

Central Regional Meeting of the American Chemical Society, CERMACS 2009.

Poster Session.
Analysis of Tuscarawas River Water for Nitrate Ion Concentration. Jenna N. Hilty, Kristine A.

Lahman, Hannah R. Mason, Marissa K. Snyder and Jens M. Hemmingsen.

Analysis of Water From the Capital University Primmer Property for NO3
-
, PO4

3-
, and Bacteria:  A

REEL Undergraduate Laboratory. Michael J. Burgess, Brian E. Huff, David W. Pickering, Matthew

S. White and Jens M. Hemmingsen.

Analysis of Water From Old Man's Cave and Sunday Creek for Chloride and Iron. Sierra S. Hill,

Janet M. Downs and William J. Clark, Jr.

Water Analysis of NO3
-
 and PO4

3-
  surrounding the Alum Creek Combined Sewer Overflow in

Bexley, Ohio. Alicia Tysl, Rachel Yoho, Megan Deeds, Cassady Allen and Jens Hemmingsen.
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Central Regional Meeting of the American Chemical Society, CERMACS 2010.

Poster Session
Analysis of the nitrate ion concentration in Pickerington, Ohio: A REEL undergraduate research

project. Kelsey Peer-Bostic, Brianna Mitchell, Jens Hemmingsen.

Analysis of water for nitrate, chloride and phosphate ions near the Alum Creek combine sewer

overflow in Bexley, Ohio. Bethany R Davies, Kathryn Dove, Kori Keeton, Megan Meinert, Devin

Mills, Katie O'Donnell, Jillian Stelmach, Ryan Williams, Jens Hemmingsen, Margaret E. Ginn-

Pease.

Analysis of mixed-metal fluoride perovskites synthesized by first-semester chemistry students at

Capital University. Prince Otchere, William Clark, Jr.

University of Akron

Lead Contributor:  William J. Donovan

The Research Modules implemented at the University of Akron have included a very

large number of students in General Chemistry courses (~1,400).  The research-theme of

these projects has been in the area of solid-state chemistry.  The lead REEL contributor,

William Donovan, does not have research interests in this area, but rather the module has

been heavily informed by work done at OSU (by Patrick Woodward) and Youngstown

State University (by Timothy Wagner) and so this module is best characterized as

transferred rather than developed on-site.  The degree of collaboration between Akron

and OSU was quite high in years 1-3 with instrumentation being shared by both

institutions.  The commitment of Akron to the pigment-themed research is reflected in the

fact that new instrumentation was purchased, i.e. UV-Vis reflectance spectrometers, to

facilitate the project and this eliminated the need to share resources.  The buy-in among

faculty at Akron has been limited to Dr. Donovan.

REEL Enrollment University of Akron
Course Term Module 2006 2007 2008 2009 2010 2011

General Summer Green Pigments 62 72

General Summer Synthesis and Color of Inorganic

Pigments & Molecular Orbital

Calculations

96 100 96

General Spring Inorganic Pigments 150 192 192 216 240

Presentations

American Chemical Society (ACS) meeting, Chicago.  2007.
About the Ohio REEL project: Research experiences to enhance learning.  Patrick M. Woodward,

Prabir K. Dutta, Vinodkumar Subramaniam, Richard T. Taylor, Ted Clark, Susan J. Olesik, Chris

Callam, Weldon Mathews, Rick Spinney, William J. Donovan, John W. Francis.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.
REEL at the University of Akron. William J. Donovan.
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Bowling Green State University

Lead Contributor:  John Cable

A large number of students (~1,200) have also participated in BGSU’s Water Analysis

Research Module.  This Research Module was inspired by a similar project at OSU.

Although faculty buy-in at BGSU has been limited to John Cable, the Research Module

has been consistently used for several years and in multiple semesters with clear

pedagogical value.  The communication of research findings has consisted of student

research presentations.  The fact that research presentations have been limited to

conferences held in Cleveland suggests that logistical constraints pertaining to travel have

been an important constraint.

REEL Enrollment
Course Term Module 2007 2008 2009 2010 2011

General Summer Analysis of Maumee River Water 35 25 32

General Fall Environmental Analysis of Water

from the Maumee River and Lake

Erie

85 90 71 73

General Spring Analysis of Maumee River Water 150 182 180 138 120

Presentations

REEL Symposium, Cleveland State University,  2007
Analysis of natural water samples for nitrate.    Adam Wilburn.

Analysis of natural water samples for phosphate.  Robert Gilreath, Jill Jaksetic.

Analysis of natural water samples for nitrate.    Aaron Shaw.

Analysis of natural water samples for nitrate.  Jodi Wilson, JaRan King, Tonya Keyes.

Central Regional Meeting of the American Chemical Society, CERMACS 2009.

Poster Session
Analysis of Lake Erie and Maumee River Water for Nitrate. Matthew J. Zielinski, Robert A Taylor

and Kurt T Schroeder.

Analysis of Natural Water Samples for Nitrate. T.A. Sojka and Desirea D. Scott.

Analysis of Maumee River Water for Nitrate. Ashley N. Thompson.

Water Analysis for Nitrate. Brian C. Gulko, Alexandra M Klinchenko and Brenden P. Jenks.

Analysis of Water Samples for Nitrate Ion. Tyler G. Schroeder and Sarah J. Rossiter
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Collaborative Research Modules

A close relationship exists between the Ohio State University and Columbus State

Community College (CSCC).  This has led to the design and use of collaborative research

experiences between faculty and student researchers at these two institutions.  The

Research Modules at CSCC have been made possible by contributions from faculty and

staff at OSU.  These are not transferred modules, however, because faculty at CSCC have

been involved at all stages, from module design through implementation.  The modules

are also collaborative in the sense that the projects are in use at multiple sites

simultaneously, students from both institutions work on research posters, attend the same

conferences, etc.  This approach has been most successfully applied in the area of

Organic Chemistry.

Columbus State Community College

Lead Contributors:  Adam Keller, John Francis, Charles Gallucci, and and Morteza

Javadi.

An example of a collaborative Research Module is the project “Conformational Modeling

of Carbohydrate Model Systems and their Derivatives”.  In this module students used

their background knowledge in conformations and NMR spectroscopy to computationally

evaluate the lowest energy conformation of a given monosaccharide.  Students worked in

groups that were assigned so that a given group consisted of both OSU & CSCC students.

The research questions informing this project are robust.  Polyhydroxylated molecules

such as carbohydrates play an important role in biology.  In particular, oligosaccharides

have been implicated in a host of important biological processes ranging from

fertilization to bacterial and viral infection to the metastasis of cancer. The structure and

conformation of an oligosaccharide is critical to its function, and there has been

increasing interest in understanding the conformation of these molecules.

Oligosaccharides are, in general, flexible species that often exist in solution as an

ensemble of conformers.  Accordingly, the use of computational chemistry is almost

always required in conjunction with NMR spectroscopic experiments in order to

understand the solution conformation of these molecules.  In order to adequately address

the conformational flexibility of these systems using ab initio and density functional

theory (DFT) methods, one needs not only to use high levels of theory and good basis

sets, but it is also critical to consider a variety of conformations and the effect of

solvation.
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Through the course of this experiment student research made use of several different

levels of theory, comparing the results, to study carbohydrates and model compounds

conformational preferences.  Some examples of the carbohydrates and the derivatives

studied are shown in below.
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The overall experience of involving CSCC students in collaborative modules has

benefited students at both CSCC and OSU.  Even though the number of students in REEL

as CSCC has been modest, their involvement at conferences has been impressive.  This

suggests that collaborative Research Modules are another approach for broadening

participation in undergraduate research.

REEL Enrollment at Columbus State Community College
Course Term Module 2006 2007 2008 2009 2010

General Summer Applications of X-ray Diffraction 21

Organic Summer  Computational analysis and

conformational distribution of

carbohydrate analogs

13 13

Organic Summer  Environmental Remediation with

Zero-valent Iron Nanoparticles

9

General Fall Applications of X-ray Diffraction 24 41

General Fall Coupling of Iodine Clock Reaction

Kinetics with a Computer Lab for

the Complete Quantification of

Parameters in the Arrhenius

Equation.

18

Organic Fall Ammonia Borane Reductions -

Diastereoselectivities

12 9

Organic Fall E2-Elimination Reactions Using the

Organic Halogen™ Reagent as an

Alkali Metal Surrogate

15

General Winter Powder Diffraction 34

Organic Winter Rates of 1,2-Reduction of Carbonyl

Compounds Using Ammonia

Borane

13

Organic Winter Ammonia Borane as a Reducing

Agent in Organic Synthesis

12

General Spring Applications of X-ray Diffraction -- 43 46

General Spring Environmental Analysis 6
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Presentations

REEL Symposium, The Ohio State University,  2006.
Chlorophyll content of Bermuda grass as affected by irradiation, pH, and trimming.  Mariam R.

Javadi, Abdullahi Sheikh, Mike LeGates, Sharon L. Reeb, Kristina M. Miller.

American Chemical Society (ACS) meeting, Chicago.  2007.
About the Ohio REEL project: Research experiences to enhance learning.  Patrick M. Woodward,

Prabir K. Dutta, Vinodkumar Subramaniam, Richard T. Taylor, Ted Clark, Susan J. Olesik, Chris

Callam, Weldon Mathews, Rick Spinney, William J Donovan, John W. Francis.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.
Implementation of undergraduate organic research at Columbus State Community College:

Partnership in the REEL consortium. John W. Francis.

Central Regional Meeting of the American Chemical Society, CERMACS 2007.

Poster Session
Seasonal monitoring of water quality at O’Shaughnessy Park along the Scioto River.  Bradley A.

Williams, Nicole E. Gresh, Mariam R Javadi and Akwasi B Peprah.

A response of an aquatic carbonate system to an atmospheric supply of CO2. John Johnson and

Myung Han.

Central Regional Meeting of the American Chemical Society, CERMACS 2008.

Poster Session
Diastereoselective Reductions of Benzoin Using Ammonia Borane.  Amy Amholt, Lisa Tubbs,

Ahmad Saqr, Christopher Callam, Adam I. Keller.

REEL Symposium, Miami University, 2008.
Elemental concentrations in soil solutions as affected by centrifuge speed and duration.  Joshua

Grant and Morteza Javadi.

Application of organic halogen reagent as an alkali metal surrogate in the organic laboratory.

Jeffrey Aurand, Francis Opong-Assante, Yassir Sheikhaldeen, and Adam Keller.

REEL Symposium, Wright State University, 2009.
Determination of the activation energy in an iodine clock reaction using computer plot.  Myung

Han.

REEL Symposium, Wright State University, 2009.

Poster Session
Analysis of Snow Samples Collected in the Columbus Metropolitan Area. Michael Newman,

Brandon C Balogh, Samuel Obuobisa and Myung Han.

Effect of pH On Nitrate Levels in Scioto River. Lyndsey N. Spears, Danielle N. Locklear, Rachel

N. Decker and Morteza Javadi.


