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ABSTRACT: A foundation level course is presented that integrates aspects of organic,
inorganic and biochemistry in the context of reactivity. The course was designed to serve
majors in chemistry and other sciences (biochemistry, biology, nutrition), as well as
nursing and pre-health professions students. Themes of the course were designed to
highlight a range of applications of chemistry, including synthesis, catalysis, and materials
science, in order to teach students the wider societal significance of chemistry, in addition
to chemical concepts. Special attention was paid to topics relevant to health and biology.

KEYWORDS: First-Year Undergraduate/General, Biochemistry, Curriculum, Inorganic Chemistry, Organic Chemistry,
Inquiry-Based/Discovery Learning, Bioorganic Chemistry, Coordination Compounds, Metabolism, Catalysis

■ INTRODUCTION

Relatively little has changed in the sequence of courses taken by
chemistry majors over the past 50 years.1 The series starts with
a year of general chemistry, including a heavy emphasis on
concepts of physical and analytical chemistry. A year of organic
chemistry comes next, followed by varying amounts of
analytical and physical chemistry. If the student is an ACS
chemistry major, they also take some amount of inorganic and
biochemistry.
The recent revision of guidelines from the American

Chemical Society Committee on Professional Training (ACS-
CPT) has allowed for some degree of innovation in the
structure of chemistry programs.2 The guidelines recommend
“foundation-level” instruction in each of five traditional
domains of chemistry (organic, inorganic, physical, analytical,
and biochemistry) plus some coverage of a sixth (polymer
chemistry). Additional “in-depth” courses allow students to
explore these domains further, either in more advanced
treatments of the foundation topics or in special topics courses.
General chemistry is not explicitly included in the new ACS
guidelines; it is considered prefoundational and its delivery is
left to the discretion of individual departments.
Many departments will continue to offer the old curriculum.

However, others will be interested in new variations. Some may
be drawn to provide interdisciplinary approaches that fit their
unique situations, especially if strong institutional ties exist with
other disciplines. More broadly, recent trends in research and
industry have increased the pressure for chemists to integrate
skills from different traditional domains of chemistry.3 Educa-

tional changes outside of chemistry, most notably in the
premedical curriculum, have also contributed to a reevaluation
of how to serve those not majoring in chemistry.4−6

Recently, an alternative organization of the chemistry
curriculum was proposed based on courses in structure,
reactivity, and quantitation.7 Structure includes a range of
considerations such as periodic trends, unit cells in extended
solids, stereochemistry, and conformation.8 Reactivity includes
the prediction of reactions and understanding of mechanisms
across organic, inorganic, and biochemistry. Quantitation
encompasses the usual considerations of physical and analytical
chemistry. Other suggestions for the reorganization of the
chemistry curriculum have also been made, although along
different lines.9,10 The chemistry curriculum of the 21st century
should be based on earnest consideration of a range of options
rather than the convenience of maintaining the status quo.
Interest in developing hybrid approaches to traditional

chemistry courses has circulated for years. Several authors
have reported an early introduction to organic chemistry, either
in the first semester of the first year (eliminating general
chemistry)11−13 or in the second semester of the first year (a
1:2:1 approach).14,15 Others have integrated organic and
general chemistry content across two years.16,17 Similarly, the
study of organic chemistry has been leavened with varying
amounts of biochemistry or bioorganic chemistry.18−20

Although these changes have been driven by a number of
motivations, a key impetus has been to bring a relevant context
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for the study of chemistry to the large number of biology,
biochemistry, and pre-health professions majors served by
introductory courses. Context has been demonstrated to be a
crucial factor to foster student engagement in course material.21

Changes in the organic curriculum have also been driven by a
continuing desire to develop an improved storyline in terms of
mechanism.22 However, there are few choices of organic
chemistry textbooks that support these approaches.23

Less attention has been paid to inorganic chemistry at the
introductory level. The subject has been used as a way to
energize first-year studies by presenting students with material
they have not seen in high school.24 In addition, a second-year
organometallics course has been described previously.25

However, connections between inorganic and organic or
biochemistry could be explored further in an introductory
course. These ties might be exploited to increase understanding
of both areas. For example, the use of traditionally organic
arrow-pushing conventions has been exploited to generate
greater student engagement in advanced inorganic chemistry.26

Of course, the crucial role of metal ions in biology and organic
chemistry is undisputed.27

An emphasis on the commonality between organic,
inorganic, and biochemistry provides multiple access points
to chemistry for students with a range of interests. In addition,
it may help the development of key concepts of chemistry.
Students need to make gradual progress toward an under-
standing of particulate concepts of matter. An early
introduction to these concepts enables extended revision of
their ideas, allowing students to approach a more acceptable
understanding of the material.28

In response to the ACS-CPT guidelines for “foundation-
level” instruction, the curriculum was revised (Table 1). Herein,
the first course (Chem 250) of three courses (Chem 250, 251,
315) is described that provides integrated coverage of
introductory reactivity in organic, inorganic, and biochemistry.
This lecture course has been taught since spring, 2012. A
loosely affiliated laboratory course will be described elsewhere
in detail, although a general outline has already been
communicated.7

■ THEORETICAL FRAMEWORK CHEM 250
Chem 250: Reactivity I was designed with the guiding
principles of Novak’s theory of meaningful learning.29 As
much as possible, new information is related to previous
concepts, so that learning is built up from a stronger network of
ideas. New topics are frequently introduced with stories about
chemical processes that are relevant to everyday life, allowing
students to place ideas more easily in a significant and easily
recalled context. Topics are brought back in different contexts
at later stages of the course, presenting students with an
opportunity for “integrative reconciliation” in which previous
errors in thinking can be recognized and corrected when

models are applied in different situations.30 The goal of this
approach is to enable students to apply their learning by
transferring their understanding to new and unfamiliar
information.

■ CONTEXT OF THE COURSE
The course is taught at a relatively large liberal arts college
(over 3500 students on two campuses, linked by a bus service).
Nevertheless, class sizes are small (fewer than 30 students in a
section for a foundation-level chemistry class). The emphasis
on breadth of education in a liberal arts environment is not
consistent with specialized introductory courses for chemistry
majors only, so Chem 250 is meant to serve majors in
chemistry, biochemistry, biology, and nutrition, as well as pre-
health professional students.
Prior to introducing the new curriculum, it was part of the

culture to innovate with course design based on student
performance. For example, in organic chemistry, a spectrosco-
py-first approach had been in use for at least 15 years, and an
early introduction to carbonyls for about 10. Short modules had
previously been used on bioorganic and organometallic
chemistry,31 as well. These developments made it easier to
transition to a new curriculum, but complicate assessment of
the change.
The prerequisite course to Chem 250 is Chem 125: Structure

and Properties in Chemistry, a one-semester overview of
structural considerations in chemistry.8 Chem 250 is the first
foundational course in chemistry. After Chem 250, students
take a second, complementary course, Chem 251: Reactivity II.
Quantitative aspects of chemistry are then introduced in Chem
255: Macroscopic Analysis. Both chemistry and biochemistry
majors, as well as most pre-health professions students, take
these four courses in their first two years. This course sequence
is similar to a 1:2:1 curriculum with an early, two-semester
introduction to organic chemistry followed by a semester of
quantitative chemistry. However, Chem 250 differs significantly
from first-semester organic chemistry in that a large fraction of
the content would traditionally be described as inorganic
chemistry. Another major portion is biochemistry, an
innovation that has been introduced in some other curricula.
Although it does not reflect the practice at CSB/SJU, Chem
250 could be delivered as a second-year course after a
traditional two-semester general chemistry sequence.
At CSB/SJU, students register for laboratories separately

from lecture courses. This system has helped to improve
flexibility of scheduling and accommodates certain depart-
ments, such as nutrition and nursing, that request chemistry
courses without a laboratory component. This paper does not
address questions regarding laboratory instruction.

■ OVERVIEW OF COURSE CONTENT
A list of topics covered in Chem 250 is presented in Table 2.

Table 1. Foundation-Level Chemistry Courses at CSB/SJU

Course (Semester) Emphasis

Chem 125: Structure and Properties (1st)a Atoms, solids, molecules, geometry, stereochemistry, intermolecular attraction, acid−base
Chem 250: Reactivity I (2nd) Basic equilibrium, carbonyl chemistry, coordination compounds, metabolic pathways
Chem 251: Reactivity II (3rd) Kinetics, enzyme inhibition, aliphatic substitution, alkene addition, arene substitution, organometallics
Chem 255: Macroscopic Analysis (4th or 5th)b Quantitative thermodynamics, equilibria, electrochemistry, statistics
Chem 315: Reactivity III (4th or 5th)b Redox, radicals, oxidative phosphorylation, photochemistry, photosynthesis, pericyclics
Chem 318: Microscopic Analysis (5th or 6th) Quantum chemistry, spectroscopy,

aPrefoundational, equivalent to a general chemistry course. bOften taken concurrently by majors.
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Organic carbonyl chemistry was the first major topic, and its
importance in mechanistic biochemistry provided inherent
appeal particularly to pre-health, biochemistry and biology
students. Anionic nucleophiles were addressed first, and
students began to practice with concepts of electrophiles and
nucleophiles, reaction intermediates, and electron flow during
bond-making and bond-breaking steps.
After an initial exposure to reactivity, students explored some

basic ideas about thermodynamics, including enthalpy, entropy,
and free energy, as well as the concept of equilibrium and Le
Chatelier’s principle. The reversible formation of enolate ions
provided a context for these ideas. Subsequently, interconver-
sion between carboxylic acid derivatives offered an excellent
platform for the discussion of driving force and energetically
coupled reactions, a key concept in biochemical pathways.
A brief overview of catalysis served as an introduction into

coordination chemistry. For example, the important role of
metal ions to activate carbonyls toward electrophilic addition
was stressed, as well as to activate water toward nucleophilic
addition. The previous coverage of carbonyl additions also
provided a doorway into transition metal organometallic
reactions; analogies were drawn between migratory insertion
reactions in organometallics and the addition of nucleophilic
Grignard reagents and complex hydrides to organic carbonyls.
The addition of neutral nucleophiles to carbonyls was

introduced before a discussion of metabolic pathways. The
latter discussion included glycolysis, gluconeogenesis, the TCA
cycle, and fatty acid metabolism. This section included a focus
on mechanistic steps, as well as on regulatory events, including
covalent modification and allosteric inhibition and activation.
Details about regulation were discussed in the context of the
thermodynamics of the pathways.

■ CLASSROOM ORGANIZATION
Activities in Chem 250 included a mixture of written homework
assignments, online drill assignments, and quizzes of various
lengths (see Supporting Information, section SI2). Active
participation was also part of the course grade, assessed through
instructor observation as well as peer evaluation.
Students in Chem 250 were provided with a daily schedule to

help them keep track of resources and expectations (see
Supporting Information, section SI3). The schedule outlined
the readings that should be done before each class. To enforce

preparation, the schedule may indicate a brief quiz at the
beginning of class (via Socrative, but clickers and other tools
could be used).32 An online homework assignment may be due
before class meets (via OWL or other platforms).33 Students
might also hand-in a homework assignment, either individually
or in groups. Sometimes, a passport to class was due; typically,
this was a 1−2 page preparatory assignment worth 2−5 points
(less than 0.5% of the course grade) and quickly checked on a
“plus/check/minus” basis (full points/half points/no points).34

The lecture period was interactive; there is a plethora of
active learning methods from which to choose.35 A Chem 250
class typically started with a short (∼5−10 min) lecture at the
beginning of class, usually with shorter (∼5 min) recaps at the
middle and end of the period. Students spent the remainder of
the period (∼35−40 min) in groups studying problems in a
workbook (see Supporting Information, section SI4). Class-
rooms were furnished with round tables, each seating 3−5
students, in order to facilitate cooperative work and discussion.

■ EXAMPLES OF TOPICAL COVERAGE
Introduction to Catalysis is a good example of the development
of an individual topic because it illustrates some concepts from
organic, inorganic, and biochemistry (see Supporting Informa-
tion, sections SI3 and SI4). In AY ’15, this topic was presented
about a third of the way through the course following the
addition of anionic nucleophiles to simple carbonyls, an
introduction to thermodynamics, and substitution at carboxylic
acid derivatives.
Introduction to Catalysis was covered over three class

periods. In the first class period, in a passport to class, students
drew analogies between mountain ranges and reaction barriers,
with mountain passes representing alternative reaction path-
ways. In class, the instructor briefly reviewed the typical
mechanism of substitution at a carboxylic acid derivative.
Students then considered acid and base catalysis of ester
hydrolysis. Catalysis was found to offer an alternative pathway
with a greater number of steps than the original, although each
catalytic step may be more easily accomplished. Halfway
through class, the instructor introduced bond strengths as a way
to assess the thermodynamic difference between an acid
chloride and an ester. Students were then presented with a
completely unrelated reaction, hydrogenation of an alkene, to
consider the energetics of bond-making and bond-breaking in a
new case.
In the second class period, students reviewed enzyme

receptor theory, a concept from Chem 125, in a passport to
class. In addition, an online homework set helped them review
amino acids and proteins, also introduced in Chem 125. After a
brief Socrative quiz on nucleophilic substitution of carboxylic
acid derivatives, the instructor introduced the idea of
approximation as an enzyme strategy. Students proceeded
through examples that illustrated additional strategies (tran-
sition-state stabilization, distortion, acid−base catalysis, and
group transfer catalysis). A subsequent homework assignment
reinforced the formation of a Lewis acid/base complex as a key
step in reduction catalyzed by alcohol dehydrogenase.
In the third class period, students were given a brief Socrative

quiz on enzyme strategies. The instructor briefly reviewed the
concept of transition state stabilization with the help of a
reaction progress diagram (potential energy diagram). After-
ward, students used their knowledge of enzyme strategies to
consider the development of enzyme inhibitors. They were
introduced to reversible and irreversible inhibitors, and were

Table 2. List of Topics in Chem 250: Reactivity I

Topic
Class
Periods

Review of Lewis acids and bases 1
Addition to carbonyls (anionic, ylide and enolate nucleophile) 6
Enthalpy, entropy and equilibrium 3
Substitution at carboxylic acid derivatives (including enolates) 3
Substitution at sulfonate and phosphate 1
Conjugate addition 1
Catalysis and enzymes 3
Coordination Compounds 2
Ligand Field Theory 6
Carbonyl Binding and Organometallic Insertion 3
Reversible addition to carbonyls (neutral nucleophiles) 3
Mechanism: glycolysis, TCA cycle, fatty acids 3
Regulation: glycolysis, TCA cycle, fatty acids 4
Polymer synthesis and properties 2
Protein biosynthesis 2
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encouraged to consider transition-state analogues as possible
pharmaceutical leads. Students then applied their ideas in
extended problems involving acetylcholinesterase and HIV-1
protease. These problems examined case studies from various
points of view, including enzyme strategies, inhibition type,
organic synthesis of inhibitors, and reaction mechanism.
Some of these principles appeared again toward the end of

the course in a section on biochemical pathways, briefly
summarized here. The first class period of this section included
an examination of the mechanisms of glycolysis, highlighting
the roles of imine and enamine intermediates, and the need for
activation of substrates, including ATP, by metal ions. Students
supplied curved arrows to propose how one intermediate is
transformed into another, provided missing intermediates in a
mechanism, or drew out an entire step-by-step mechanism for
different parts of the pathway. During the second class period, a
similar approach was taken with the TCA cycle.
In the third class period, students looked at the

thermodynamics of glycolysis. They revisited the idea of
energetically coupled reactions, one downhill and the other
uphill, in the context of carboxylic acid derivatives. They also
considered the thermodynamics of substitution at new
functional groups, a phosphodiester and a carboxylate−
phosphate mixed anhydride, compared to other carboxylic
acid derivatives. They made decisions about what steps may be
subject to regulation and considered what steps might take
different pathways in gluconeogenesis vs glycolysis. In the
fourth class period, students looked at allosteric inhibition and
activation, as well as post-translational covalent modification,
especially phosphorylation and acetylation. They worked
through exercises that posed questions about preferred
conformations of small molecules before and after covalent
modification; similar questions led them to conclude that metal
ions can also play regulatory roles.
During the fifth and sixth class periods, students applied

principles from the sections on glycolysis/TCA cycle to both
catabolic and anabolic pathways of fatty acids. They worked
through questions about mechanism as well as regulation. The
seventh class period entailed a case study on ketogenesis and
diabetes. In addition to mechanistic questions, students
assessed different inhibitors of tyrosine phosphatase as potential
treatments for diabetes. They also used what they had learned
to fill in missing steps in the synthesis of an inhibitor.

■ INSTRUCTIONAL RESOURCES
Because the unique collection of course topics does not afford a
broad selection of commercially available resources, a work-
book was produced in-house for class use. The workbook
(approximately 450 pages) includes sections that gradually
developed the concepts of each topic, requiring students to
provide short answers or illustrations based on previous
knowledge or information provided at the beginning of lecture.
In addition, application sections, which might be covered in
class or assigned as homework, pushed students to consolidate
learning by placing new concepts in a variety of scenarios.
Students also needed a place to read and review material

before and after class. Custom publishing agreements initially
allowed us to provide students with background reading on the
topics of Reactivity I, selected from two different textbooks that
together covered the material.36,37 In addition, textbook access
was available via the online homework site accessed via the
custom publishing agreement.38,39 Because of the mix of
chapters from different sources, students occasionally encoun-

tered passages that assumed familiarity with a topic that had not
been covered in class. Instructors were also concerned that,
even within a chapter selected for the custom textbook, there
was sometimes extraneous information that might prove
distracting for students. Nevertheless, the online homework
content associated with these textbooks was valuable, providing
students with practice and rapid feedback.40

In addition, a freely accessible supporting Web site, authored
in-house, presented information in an order similar to the
classroom presentation of topics.41 Some practice problems,
with selected solutions, were also available at this site, and these
aspects are currently being improved and expanded upon.
During the spring 2015 semester, this online source became the
sole textbook used for the course, although the online
homework site was used via the same publisher as before.

■ ADVANTAGES OF AN INTEGRATED COURSE IN
REACTIVITY

One goal of Reactivity I is to expose students to a variety of
aspects of chemistry and biochemistry at a very early stage.
Applications including diabetes, enzyme inhibitors as pharma-
ceuticals, polymers, and the synthesis of beneficial compounds
all serve to catch students’ imaginations. Different aspects seem
to appeal to different students. Some students quickly identify
themselves as fans of metals and inorganic chemistry, for
example, whereas others favor the biochemical topics of the
course. At the same time, this goal is accomplished without
sacrificing a cohesive narrative that runs through the course.
Rather than presenting a series of unrelated topics, the course

builds on common themes from one unit to the next. The use
of curved arrows for electron flow, regardless of whether the
subject is formally based in organic, inorganic, or biochemistry,
is one tool that helps to tie the subject together. The design
also presents the opportunity to develop an introductory-level
understanding of thermodynamics and equilibrium across
different contexts. In this treatment, students compare
numerical values of ΔH or ΔS to judge whether reactions are
likely to proceed, examine the balance between these factors
using ΔG, and see how free energy translates into an
equilibrium constant K. However, the use of nonstandard
conditions and the relationship between free energy and
reaction quotient are reserved for a later course, Chem 255.
The same carbonyl chemistry that is a gateway into biochemical
pathways is also an excellent platform for studying reversibility.
In addition, coordination chemistry affords additional oppor-
tunities to illustrate ideas of enthalpy and entropy.
Another goal of the course design is to allow early entry into

a range of biochemical processes, including enzyme catalysis
and regulation. That goal appeals to a wide cross-section of
students in introductory and foundation chemistry courses; this
general approach has been described previously.11,13

The important place for inorganic chemistry in the course
should not be overlooked. Following its widespread displace-
ment from the traditional general chemistry course, the role of
inorganic chemistry in the curriculum has been a subject of
concern for inorganic chemists for many years42 Reactivity I,
together with subsequent reactivity courses, provides early
exposure to some intriguing aspects of inorganic chemistry,
including coordination compounds and organometallics.
Thematically, this coverage fits within the parameters of a
Fundamentals and Selected Topics treatment of inorganic
chemistry.43 Moreover, an understanding of metal−ligand
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binding and the resulting influence on ligand/substrate
reactivity enhances students’ understanding of enzyme catalysis.
Exposure to current research topics has been very appealing

to some students. For example, a unit on coordination
complexes begins with a review of Lewis acid−base
interactions; an overview of common ligands; and a discussion
of chelation, hapticity, and denticity. To understand some
differential reactivity, students are introduced to Hard−Soft
Acid Base Theory. At this point, students are exposed to an
application of metal organic frameworks (MOFs), a field of
vigorous current research.44 This exercise helps students to
consolidate key ideas about ligand binding and to see the utility
of chemical structures to solve world problems such as
hydrogen gas storage. Students are encouraged to read extra
information about the importance of new materials; this use of
current applications has generated early student interest in
advanced topics.

■ ADDITIONAL CONSIDERATIONS
This first-year, second-semester course moves rapidly into
organic reactions, so familiarity with line structures is assumed.
Students have previously had practice with these structures in
Chem 125, which includes some typically “organic” topics such
as stereochemistry, conformational analysis, and structural
trends in acidity and basicity. However, students have
additional opportunities to practice with these structures at
the beginning of Chem 250. Practice problems specifically
related to the functional groups first encountered in the course
are available, with solutions, in the online text. Additional, more
general problems are available in the classroom workbook and
in the online homework package.
This course invites comparisons with organic chemistry

because of similar objectives in developing concepts of
structure and reactivity. There are some unavoidable trade-
offs if time is spent introducing aspects of inorganic and
biochemistry at this level. An extensive discussion of structure
determination via spectroscopic methods is not part of Chem
250 and it is introduced, instead, in lab-associated recitation
sessions.
In addition, some level of sophistication is lost in the ability

to assimilate organic reactions, especially in the context of
multistep syntheses. Students do not spend as much time
focused on the recognition of reagents and reaction products.
An in-depth course on organic synthesis was introduced to help
compensate for this loss.
Other aspects of organic chemistry have been moved to

other portions of the reactivity sequence. Aliphatic nucleophilic
substitutions, electrophilic additions to alkenes, and electro-
philic aromatic substitutions are in Reactivity II, whereas
radicals and pericyclic reactions are in Reactivity III (Table 1).
Some facets of structural organic chemistry, including structural
features of acids and bases, stereochemistry and conformation,
were covered in Chem 125.8

Some aspects of inorganic and biochemistry are also
sacrificed here. For example, in the context of coordination
compounds, the inorganic chemistry that students can
understand at this point is limited to cases that do not involve
redox processes. Metal ions are presented as having static
charges, rather than undergoing oxidations or reductions.
However, within those limits, students can comprehend a range
of reactions including the coordination and electrophilic
activation of ligands, as well as migratory insertions, which
involve no formal oxidation change at the metal. Reactivity II

and III cover other topics from inorganic chemistry, including
redox chemistry, but focus on additional aspects of coordina-
tion chemistry, organometallics, and bioinorganic chemistry.
Opportunities to discuss inorganic descriptive chemistry are
limited because of the constraint of the reactivity theme.
In biochemistry, some structural work was covered with

biomolecules in Chem 125, particularly in the context of
intermolecular forces and properties. Themes of biochemistry
are revisited in a section on enzyme kinetics in Reactivity II. A
number of systems are covered in some detail in Reactivity III,
especially oxidative phosphorylation and photosynthesis.
However, the diversity of carbohydrates are given little
attention in this treatment and relatively little time is spent
on the subject of nucleic acids.
In general, Chem 250 was developed as a foundation-level

course in ACS-CPT parlance, i.e., it functions as a first
introduction to a topic, and students may gain additional
strengths by taking in-depth courses. Biochemistry majors, for
example, take a subsequent course on biochemical pathways,
and can gain insight into metabolic processes that builds on the
exposure from Chem 125 and 250.

■ ASSESSMENT
The percentage of students receiving a grade of D, F, or W (%
DFW) and the average student outcome (ASO), i.e., the mean
grade earned by students on a 4.0 scale, can be useful indicators
during curricular changes. In the case of Reactivity I, the
reference point could be students in General Chemistry II,
based on first-year status, or there is thematic similarity with
Organic Chemistry I. The %DFW results from Reactivity I are
mostly in line with Organic I (Table 3), but the numbers have

improved as the course has matured. A dip in enrollment in
Reactivity I during AY ’12 probably reflects the introduction of
off-sequence sections, so that students who might otherwise
have taken the course in spring of 2012 could wait until the fall;
these students are in the AY ’13 data. More recently (starting
AY ’14), enrollment increased, again, because the course was
added as a requirement for the nutrition major. Reactivity I also
resembles Organic I for the ASO. Lower grades in a first year
class raised concerns that students might be deterred from
majoring in chemistry. On the contrary, the number of students
declaring chemistry as a major has increased by over 60% since
the new curriculum was introduced. In the period 1984−2014,
an average of 15.2 (±5.5) majors graduated per year. Projected
2015−2017 graduates, assuming an attrition rate of 10% after
declaration of a major in the second year, will average 24.6
(±1.7) per year. A similar rise has been seen in the numbers of
biochemistry majors. Other factors behind this rise cannot be

Table 3. Average Student Outcome (ASO)a and Percent of
Students with Grades of D, F, or W

Students ASO %W %DFW

Gen Chem II AY ’05−’12b 212c 2.80 4.5 9.1
Org Chem I AY ’05−’12 133c 2.66 6.0 10.0
Reactivity I AY ’12 164 2.66 6.1 10.3
Reactivity I AY ’13 200 2.68 7.5 11.0
Reactivity I AY ’14 226 2.67 5.8 9.7
Reactivity I AY ’15 243 2.51 3.3 8.2

aMean grade earned in the class on a 4.0 scale. bAY # refers to end of
academic year; i.e., AY ’05 = academic year 2004−2005. cAverage
number per year during period reported.
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ruled out, but the substantial increase in majors suggests Chem
250 is not having an overall discouraging effect on students
entering chemistry, despite the demands of the course.
To obtain an independent measure of student performance

in Reactivity I, selected questions from different ACS exams
(inorganic, organic, biochemistry, and GOB) were chosen. In
AY ’12, 34 ACS exam questions (selected from different forms)
were included in an online final exam administered by ACS.
Sixteen more ACS questions were added in AY ’13, but two
others were removed because of content that was moved to
another course. Three more questions were added in AY ’14;
this final group of 51 questions was again presented in AY ’15.
Because suitable ACS questions were not found for some
concepts, 20 other questions were written in-house. The latter
group of questions remained the same each year, but results are
not reported here because of the lack of an external standard.
The difficulty index, or fraction of students choosing the correct
answer for each question, was compared to national norms
published for each of the corresponding ACS exams questions
(Table 4). A description of results from statistical analysis of

individual questions is provided in the Supporting Information.
In general, the results appear to be comparable to the national
data. The results compare the performance of first-year
students in Chem 250 with their peers having between one
and three years additional experience. A comparison with
baseline data, pre-Chem 250, is complicated for similar reasons.
Over the 10-year period prior to introduction of the course,
students performed very well on standard ACS exams in
inorganic (average score, 63%; nationally normed average
score, 55%) and organic chemistry (average score, 70%;
nationally normed average score, 56%). The ACS biochemistry
exam was not previously used. It is not clear whether the
difference stems from the different curriculum or the different
maturity levels of students in the two groups.
In the past, students have taken the Major Field Achievement

Test (MFAT). Average percentile scores, both overall and in
individual subsections such as organic or inorganic chemistry,
have typically ranged between 71st and 85th percentile. The
data from graduating seniors in AY ’15, the first group who
took the entire new curriculum, appear to be in the same range,
but it is unwise to draw conclusions from one year of data.
Details are provided in the Supporting Information.

■ CONCLUSIONS
An integrated course on reactivity in organic, inorganic, and
biochemistry was described. In the past few years, there has
been interest in developing new approaches to the chemistry
curriculum. This report offers one more variation to consider.

Strengths of this approach include an early exposure to organic,
inorganic, and biochemistry, as well as reinforcement of areas
where these three fields overlap, such as enzyme catalysis,
organometallics, and bioinorganic chemistry. On standard exam
questions, students performed comparably to their peers at
higher levels at other institutions. By final year, student
performance on exams was comparable to that of previous
students taking a traditional curriculum.
This curriculum demonstrates that chemistry can be

delivered with a more integrated theme without sacrificing
student performance when judged by traditional parameters.
We are currently implementing other courses for this new
curriculum and will continue to report on developments in the
future. It is hoped that this report encourages other instructors
to adopt innovative models of their own.
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