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ABSTRACT: The undergraduate inorganic chemistry curric-
ulum in the United States mirrors the broad diversity of the
inorganic research community and poses a challenge for the
development of a coherent curriculum that is thorough,
rigorous, and engaging. A recent large survey of the inorganic
community has provided information about the current
organization and content of the inorganic curriculum from
an institutional level. The data reveal shared “core” concepts
that are broadly taught, with tremendous variation in content
coverage beyond these central ideas. The data provide an
opportunity for a community-driven discussion about how the
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American Chemical Society’s Committee on Professional Training’s vision of a foundation and in-depth course for each of the
five subdisciplines maps onto an inorganic chemistry curriculum that is consistent in its coverage of the core inorganic concepts,
yet reflects the diversity and creativity of the inorganic community. The goal of this Viewpoint is to present the current state of
the diverse undergraduate curriculum and lay a framework for an effective and engaging curriculum that illustrates the essential
role inorganic chemistry plays within the chemistry community.

1. INTRODUCTION

“There is no single course in inorganic chemistry.”

This statement resonates with many of us who teach inorganic
chemistry. Ask 10 organic chemists what is covered in week four
of Organic Chemistry II, and it is likely that you will get a similar
response across a wide range of institutional types. Ask 10
inorganic chemists the analogous question about their advanced
inorganic chemistry course, and it is likely that you will get 10
different responses including “we only offer one semester”. This
presents inorganic chemists with a unique challenge in
developing, teaching, and assessing our courses. Conversely, it
gives us tremendous freedom and flexibility in what and how we
teach.

‘When we teach a course in inorganic chemistry, we are charged
with introducing our students to a field covering a wide range of
elements, molecules, materials, and reactivities. The unusual
flexibility of the undergraduate inorganic chemistry curriculum'
and a mandate of only a single semester by the American
Chemical Society’s Committee on Professional Training (ACS
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CPT)” have led to great diversity in how inorganic chemistry is
taught.”* Institutions report splitting inorganic chemistry into
one, two, or even three courses with a wide range of prerequisites.
Some institutions weave inorganic chemistry topics into other
courses in the curriculum. In fact, the way inorganic chemistry is
taught is a result of personal and institutional history as much as
any other factor. We teach what we know and find interesting
because CPT and our institutions provide us with the flexibility
to make such choices.

There has not been a broad survey of the inorganic chemistry
curriculum since 2001.° A subset of the 2014 Inorganic
Chemistry ACS Exam Committee wanted to better understand
the undergraduate curriculum to help with the development of a
new foundation-level inorganic chemistry exam for the ACS
Examinations Institute. This survey, completed in Fall 2013 in
cooperation with the ACS Division of Inorganic Chemistry
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(DIC) and Interactive Online Network of Inorganic Chemists
(IONiC), provides enlightening, informative, and possibly even
formative insights into the undergraduate inorganic curriculum.

A broad population of potential respondents was possible
through the cooperation of DIC and IONiC, and we invite
continued broad participation through the publication of this
Viewpoint. The description of the survey results, in addition to
prior analysis,”" are especially valuable to new faculty who wish
to understand how inorganic chemistry is taught, faculty who
seek to strengthen the inorganic chemistry offerings in their
department, the ACS Examinations Institute Committees who
develop exams in the field, and faculty who want a more complete
snapshot of the preparation of incoming graduate students.

Most importantly, we hope the results will prompt a
discussion, inclusive of a wide range of faculty involved in both
undergraduate and graduate inorganic chemistry education, on
the critical elements of undergraduate inorganic chemistry. We
have a unique opportunity to consider these data as a community
in order to build the framework for teaching inorganic chemistry
in the 21st century. We begin with a brief history of the inorganic
curriculum in order to emphasize the importance of community
advocacy in this process.

2. A BRIEF HISTORY OF TIME: THE CHANGING
INORGANIC CURRICULUM

In the 19th and early 20th centuries, inorganic and general
chemistry were used synonymously to describe the first-year
college-level curriculum. It was not until the middle of the 20th
century that inorganic chemistry came to be regarded as a
discipline with its own identity.” “Inorganic” chemistry textbooks
of the early days (for example, Newell 1909”) included what we
would recognize today as an introduction to the science of
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chemistry and chapters on the qualitative chemistry of the
elements. This course was taught as a collection of facts without
an underlying theoretical framework except for a loose
association with periodic trends.” As new physical methods
and theoretical techniques developed in the 20th century, the
introductory chemistry course became more focused on physical
chemistry.*”"> The emergence of inorganic chemistry as a core
subdiscipline in chemistry and the slow transition of the
inorganic class from “general chemistry” to an independent
course help to explain the diversity in the current inorganic
curriculum. This progression can be followed through Labinger’s
recent history of the field,” reports from the Journal of Chemical
Education (JCE), and the recommendations provided by the
CPT for program certification.'® Taken together, these sources
provide insights on the development of the inorganic course(s)
in the United States.

The original CPT guidelines from 1939 required a course in
general chemistry but contained no formal requirement for a
course in inorganic chemistry. It was assumed that general
chemistry would provide instruction in basic inorganic
chemistry, which at the time consisted of descriptive chemistry
and qualitative analysis.'® Recognizing that the general course
had evolved and inorganic chemistry had advanced as a field, the
inorganic chemistry community began a concerted effort to
advocate for a separate and additional course in inorganic
chemistry.”'”~** A symposium titled “The Place of Inorganic
Chemistry in the Undergraduate Curriculum” was held at the
116th meeting of the ACS in 1949, and reflections on the nature
of these proposed courses and current practices at individual
institutions were published in JCE.'>*'~** Even at this point, it is
clear that there was little standardization in the curriculum;
institutions developed curricula that met their local needs.
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Remarkable changes in chemistry between the end of World
War II and the 1970s affected the presence of inorganic
chemistry in the general chemistry course. Through the 1950s, a
great deal of qualitative analysis and aqueous inorganic chemistry
were taught in the general chemistry laboratory. As safety and
industrial hygiene grew in importance in the 1960s and 1970s,
qualitative analysis laboratories began to disappear from the
curriculum, making the descriptive chemistry portion of the
lecture less relevant as prerequisite knowledge for other courses.
Coupled with a revolution in physical and theoretical methods,
qualitative analysis was replaced by more physical chemistry
oriented topics in the introductory lecture. General chemistry
textbooks began to reflect these changes too, despite the many
discussions that descriptive chemistry should be brought
back 2429

The 1950s also marked the evolution of inorganic chemistry to
a field with its own identity, specialized conferences, and journals
in the US.° In 1957, the Division of Physical and Inorganic
Chemistry split into the Division of Inorganic Chemistry and the
Division of Physical Chemistry.”>*" In 1961, the ACS Exams
Institute chaired by S. Young Tyree, Jr. released its first inorganic
chemistry exam.”” While the written record of this era is
incomplete, one can postulate that the 1962 CPT requirement
for a semester of inorganic chemistry, in addition to the basic
inorganic chemistry covered in the introductory chemistry
course, was a result of the vigorous lobbying from the inorganic
chemistry community.

The Inorganic Subcommittee of the Curriculum Committee
of the ACS proposed an outline for the undergraduate inorganic
chemistry curriculum in 1972.*® These suggestions are compared
to more recent recommendations in Figure 1. This group
recommended that inorganic chemistry be taught after a
semester of physical chemistry and some organic chemistry.
Huheey’s influence on this subcommittee was apparent because
he authored a well-known undergraduate inorganic chemistry
textbook that paralleled the recommendations of the inorganic
subcommittee.

Although the intent was to strengthen the inorganic chemistry
curriculum,'® the 1977 revision of the CPT guidelines was seen
as a step backward. According to the CPT guidelines, “The
[basic] inorganic chemistry should include descriptive chemistry
dealing in a systematic way with the elements and the structures,
properties and reactions of their compounds.” If programs do not
include this chemistry in the introductory coursework, “the
systematic chemistry of the elements should be given strong
emphasis in a required “advanced” inorganic course”. This
language implied that general chemistry could include basic
inorganic chemistry to give programs greater flexibility in
meeting the new recommendations; however, equating inorganic
chemistry and general chemistry once again was seen as a
setback.”” These revised guidelines led to another effort by the
community to upgrade the status of inorganic chemistry, with a
symposium at the 1980 National Meeting in Las Vegas titled
“Inorganic Chemistry in the Curriculum: What should be left in
and what should be left out”.”***~*

The place of inorganic chemistry in the curriculum was
strengthened with the 1983 revision of the CPT guidelines,
which required parity among organic, analytical, physical, and
inorganic chemistry in the lecture sequence. A one-semester
post-general chemistry course in inorganic chemistry and an
upper level course with organic and physical chemistry
prerequisites were required. The 1988 extension of the CPT
guidelines further refined the recommended inorganic curricu-
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lum. In these guidelines, two semesters of inorganic chemistry
were required, but one semester could be an elementary (first-
year) course and the other course could be an intermediate
course without a physical chemistry prerequisite. This
recommendation, which allowed departments to move inorganic
chemistry earlier in the curriculum, led again to the formation of
an Ad Hoc Subcommittee of the ACS Division of Inorganic
Chemistry to suggest topics for the intermediate inorganic
course for universities electing to adopt the new guidelines.”* In
2008, the guidelines were revised to introduce the idea of
foundation and in-depth courses. Analytical, biochemistry,
inorganic, organic, and physical chemistry would all have a
required foundation course with general chemistry as the
prerequisite. In addition, four in-depth courses that have one
or more foundation courses as prerequisites would be required.
The recommendations of topics for inclusion in inorganic
chemistry in the 2008 guidelines can be found in Figure 1. More
detailed topical outlines can be found in the original
sources.”>** The 2015 CPT guidelines leave the requirement
for four in-depth courses intact” but add a specific requirement
for coverage of larger-scale systems such as polymers.*’ This
recommendation could encroach on inorganic chemistry if
departments add another course to the curriculum that students
can take instead of in-depth inorganic. This returns us to the
problem that was described earlier: some departments still
believe that only one semester of inorganic chemistry is necessary
because of the misconception that general chemistry is inorganic
chemistry. Driven by curiosity about how these changes might
affect inorganic chemistry and recognizing that over a decade had
passed since the last similar community survey, the authors
investigated the current state of inorganic chemistry in the
undergraduate curriculum.

3. HOW THINGS WORK: SURVEY AND
METHODOLOGY

A subset of members of the 2014 Inorganic Chemistry ACS
Exam Committee developed the new survey to guide current and
future Exam Committees in revisions to the existing exam and for
the development of a new exam. The survey was designed to
capture topics that might be covered in both foundation and in-
depth courses. Survey items were developed based on the 2008
ACS CPT guidelines, two articles published in ]CE,S’44 and
previous Inorganic Chemistry ACS Exams. Detailed discussions
of survey population and results have been published
previously”” and can also be found in the Supporting
Information.

4. AS YOU LIKE IT: WHERE AND WHEN IS INORGANIC
CHEMISTRY OFFERED?

Inorganic chemistry continues to be an integral part of the
undergraduate curriculum. Most respondents (Table S1) require
at least one course in inorganic chemistry beyond general
chemistry. It is somewhat surprising that fewer than 100% of
ACS-approved departments require one course in inorganic
chemistry because a foundation course in inorganic chemistry is a
CPT requirement. It could be that this number provides insights
on reporting errors or it could be that these are institutions that
have parsed their inorganic curriculum out to other courses.
There are no differences among bachelor’s, master’s, and
doctoral level institutions. It is clear from the data that most
graduates of a chemistry program have some exposure to the
basic principles of inorganic chemistry.
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However, there is significant variability in how many inorganic
chemistry courses are offered and when institutions offer those
courses (Tables S2 and S3). The survey found that 31% of
responding institutions offer a single course, 49% offer two, and
20% offer three or more courses. Graduate institutions offer a
greater number of in-depth and advanced courses relative to
bachelor’s institutions, which possibly reflects differences in the
number and type of inorganic faculty present at an institution and
the contribution of graduate students to enrollment.

Since the 2001 survey, there has been some shift in the
placement of the first course in inorganic chemistry from the
junior/senior level to the first/second year level, although
inorganic chemistry is still primarily taught as a junior/senior
level course (Table S4). There is significant variability in the
prerequisites for the foundation level and in-depth courses
(Tables SS and S6).

The diversity in inorganic chemistry offerings, as reported in
the survey data, reflects the lack of standardization in the field
relative to courses such as general, organic, and physical
chemistry, which typically have a sequence of two courses
each. This diversity highlights the importance of community
advocacy in developing a shared vision of undergraduate
education for the 21st century and the importance of discussing
coverage at the department level to make sure that critical
concepts are not overlooked.

5. A TALE OF SEVEN COURSES

Cluster analysis was used to reveal patterns in the topics faculty
cover in their inorganic courses. Detailed descriptions of the
results can be found in the JCE papers,”* but a brief summary will
be provided here. Four distinct foundation inorganic chemistry
courses with unique topical profiles were identified. Two of them
are best described as survey courses: one emphasizes a smaller
number of fundamental topics and the other covers “everything
plus the kitchen sink”. The other two foundation courses that
emerged differ most markedly in their coverage of descriptive
chemistry. The one that includes descriptive chemistry
emphasizes atoms, bonding, and main-group chemistry. The
course that excludes descriptive chemistry emphasizes transition-
metal chemistry, with topics such as coordination chemistry,
organometallic chemistry, bioinorganic chemistry, and materials.

Cluster analysis of the in-depth course content revealed three
distinct course types. Similar to the foundation courses, two of
the in-depth courses can best be described as survey courses with
different amounts of coverage. The third cluster includes
narrower special topics courses. The data did not indicate any
links between specific foundation course types and in-depth
course types. We cannot speculate on how institutions view the
connection between their foundation and in-depth courses
because no trends emerged. This disconnect might be a
symptom of the lack of a clear shared vision for what an effective
inorganic curriculum should look like or reflect the differences in
offerings at the institution level.

Akey finding is that some core topics are nearly always covered
whether an institution has one or several courses (the italicized
topics in Table 1). Table S7 presents how coverage of these
topics has changed in the past S years showing that bioinorganic
chemistry, materials chemistry and nanoscience, and organo-
metallic chemistry are increasingly included in the undergraduate
curriculum. While some members of the community may
recognize a satisfying parallel between the core topics and the
syllabus of their foundation course, more would probably be
concerned with the topics that are missing. All chemistry
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Table 1. Percentage of Respondents Covering Each Topic in
Foundation and In-Depth Inorganic Chemistry Courses”

foundation level in-depth level

topic (n=317) (n=185)
atoms and electronic structure 96 63
covalent bonding and molecular orbital 94 84
theory
transition-metal complexes and 90 91
coordination chemistry
acids, bases, and solvents 77 48
symmetry and group theory 75 84
solids and solid-state chemistry 75 S0
redox chemistry 62 46
main-group and descriptive chemistry S5 34
organometallic chemistry 4S 84
bioinorganic chemistry 33 54
materials chemistry and nanoscience 22 33
analytical techniques 18 29
nuclear chemistry 17
green chemistry 3 8

“Core topics that are almost always covered in the foundation course
are highlighted in italics.

instructors have struggled with the problem of coverage. Despite
consistent evidence that “less is more” with respect to student
learning,**° the survey data suggest that many of us still try to
squeeze everything into our allotted courses.

6. THE JOY OF COOKING: THE INORGANIC
CHEMISTRY LABORATORY

Respondents were asked specifically if their institution “requires
that chemistry majors take one or more semesters of inorganic
chemistry laboratory”. Approximately 80% of all institutions
require inorganic chemistry laboratory for all undergraduates,
although 13% of institutions integrate inorganic laboratory with
other subdisciplines (Tables S8 and S9). The survey results
indicate no dependence on the institution type, but a difference is
seen between ACS- and non-ACS-approved programs with
approximately one-third of non-ACS programs not requiring
laboratory.

Respondents who have taught a laboratory course in the last 5
years were asked about the characterization methods used in
their inorganic laboratory course. Spectroscopic techniques are
the dominant means of characterization in laboratory courses.
The most common techniques are IR (96%), UV—visible (95%),
and NMR (84%) spectroscopies. Magnetic susceptibility (72%)
is also a relatively common technique (Figure 2). A full list of
techniques covered in the laboratory and lecture courses can be
found in the Supporting Information (Figure S1 and Table S10).

There has been modest growth of the use of computational
chemistry in the laboratory curriculum since the last survey. In
2001, 30% of laboratory programs reported doing some
computational work. This has increased to 40% of programs in
2013. As this technique becomes more important in the
inorganic chemists’ toolbox, additional instruction at the
undergraduate level may be appropriate.

The smaller percentages reported for other techniques may
reflect the lack of instrumentation available at some institutions.
The tools used to characterize extended systems are generally
poorly represented. Because extended systems have critical roles
in the chemical industry, instruction on the synthesis, analysis,
and characterization of these materials should be considered. The
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Figure 2. Techniques most commonly used in the inorganic chemistry teaching laboratory.

absence of these techniques may reflect either a lack of access to
characterization tools or little faculty experience.

Synthetic techniques were not addressed in the current survey.
However, synthesis using inert-atmosphere techniques was
among the most common write-in responses in the survey,
indicating a significant interest and investment in teaching these
techniques.

We were surprised at how few respondents reported teaching
analytical techniques in the lecture course because techniques
like magnetic susceptibility and spectroscopy are covered in most
inorganic chemistry texts. It is possible that faculty who mention
these techniques with limited detail did not feel that they covered
analytical techniques but rather theory in lecture and therefore
did not report covering analytical techniques.

7. THE COURAGE TO TEACH: INSTRUCTIONAL
TECHNIQUES AND RESOURCES FOR TEACHING
INORGANIC CHEMISTRY

Since the 2001 survey, nonlecture methods of teaching have
become more widely used, an unsurprising result because
projects like the Multi-Initiative Dissemination Project Work-
shops®” have promoted awareness of techni%ues like Process
Oriented Guided Inquiry Learning (POGIL)," Peer-Led Team
Learning (PLTL)," case-based teaching,f'0 and problem-based
learning. Lecture still dominates instructional methods, but a
majority of classes now involve some sort of in-class activities
(Table S11). Only 1 in 10 courses at primarily undergraduate
institutions and 1 in 3 courses at graduate institutions are lecture-
only courses. The most obvious hypothesis for this divergence is
a difference in the class size, with smaller classes lending
themselves better toward active learning, but an analysis of the
teaching method as a function of the institution type and class
size reveals that the institution type, and not the class size, is the
dominant factor in whether a course will be lecture-only (Table
S12). At this time, only a handful of institutions reported
teaching an inorganic chemistry course using the flipped
classroom model, and none reported offering a distance learning
course.
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Another change since 2001 is the number of new resources
and instructional technologies that have become available to
teach inorganic chemistry (Table S13). In 2001, 67% of
respondents reported never using the Internet and only 2%
used this resource often. Now 69% of respondents use some sort
of online resource in teaching inorganic chemistry. The textbook
still plays an important part in the inorganic course with 97% of
respondents still using this resource. Faculty from bachelor’s
institutions are just as likely as faculty at graduate institutions to
use articles from the primary literature in their class and are more
likely to incorporate activities from JCE. While they are equally
likely as their colleagues at graduate institutions to use a resource
like Wikipedia, BA/BS faculty are more likely to use an online
resource like the Virtual Inorganic Pedagogical Electronic
Resource (VIPEr)’' or the National Science Digital Library
(NSDL).>* These resources provide not only a repository of
activities but also a forum for the discussion of teaching inorganic
chemistry.

Fewer than 1 in 10 institutions are using online homework for
inorganic chemistry. Commercially available online homework in
inorganic chemistry is a relatively new phenomenon, and the
question banks have not been fully developed because of the
relatively small market. It will be interesting to see if adoption of
this resource increases as the materials and market mature.

A number of faculty reported using other resources to teach
inorganic chemistry.”” Examples include general interest articles,
textbook resources, model kits, self-recorded lectures, Web
sites,”* modeling or structural software, search tools, computa-
tional software, specialized features of learning management
systems, Institute of Chemical Education resources, and online
databases. The ready availability of these and other resources
creates a large toolkit from which an inorganic instructor can
choose.

8. GREAT EXPECTATIONS

The diversity in the undergraduate curriculum has many
implications. Without a clear and agreed upon set of expectations
for our students, the breadth and depth of student learning will
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Table 2. Topics and Themes That Represent the Common Elements of Courses Taught in the Inorganic Curriculum

core topics for the foundation course

atoms and electronic structure (including periodicity)
symmetry and group theory

covalent bonding models and molecular orbital theory
solids and solid-state chemistry

acids, bases, and solvents

redox chemistry

transition-metal complexes and coordination chemistry

main-group and descriptive chemistry

core topics to further develop in an in-depth course

atoms and electronic structure (including periodicity)
symmetry and group theory

covalent bonding models and molecular orbital theory
solids and solid-state chemistry

advanced topics or themes for an in-depth course
bioinorganic chemistry

organometallic chemistry

materials chemistry and nanoscience

analytical techniques (taught in the lecture course)

transition-metal complexes and coordination chemistry

Common concepts taught in each of these topics are included in the Supporting Information (Tables S16—S27 and associated discussion).

depend not only on the level of academic engagement of the
student but also on the institution. This affects the design of
standardized assessments, the preparation of students for
graduate school or the workforce, and even the careers to
which our students aspire.

Respondents were asked to differentiate the relative
importance of topics for entering graduate students into Critical
Knowledge (content knowledge an entering graduate student
should know), Important Knowledge (content knowledge an
entering graduate student should be familiar with), and Not
Critical. Faculty expect students to be familiar with an impressive
amount of material (Table S14). In many cases, faculty expect
students to know far more than what is covered in most inorganic
classes. For example, while 97% of faculty say that it is critical or
important that students be familiar with redox chemistry, only
62% report teaching this topic at the foundation level and 46% at
the in-depth level (Table S15). It is interesting to note that
faculty at undergraduate institutions place more topics in the
Critical Knowledge and Important Knowledge categories than
graduate faculty (Table S14). The reasons for these differences
are not clear. One speculation is that a graduate faculty may
simply recognize the variability of the preparation of under-
graduates coming from many different programs. Although not
surprising to the authors, solids were deemed as critical to only
21% of respondents. While much of inorganic chemistry has a
small-molecule focus, the understanding of solids and
intermolecular forces is critical to many inorganic applications.
This material should not be neglected in the inorganic
curriculum and should be considered critical knowledge in the
field.

These disparities confirm that we need to examine the
inorganic curriculum carefully to make sure that the expected
materials and critical concepts are being covered somewhere in
the undergraduate curriculum. The CPT plays a role in this by
codifying the number of courses that institutions should offer and
suggesting the material that courses should cover. Ultimately, the
vibrant and dynamic diversity of the field makes a prescriptive
mandate difficult to design and impossible to enforce. A single
mandated curriculum for inorganic chemistry is unlikely to
succeed in any case and would meet resistance not only from our
colleagues in inorganic chemistry but also from other disciplines
as we encroach upon territory that they view as their own;
nevertheless, the data from this survey can certainly suggest a
framework for a curriculum that could serve as a starting point for
the development of foundation and in-depth courses.

9. A MODEST PROPOSAL

So how should we respond to these data? What are the critical
learning outcomes for a first course in inorganic chemistry? What
concepts need to be covered in more depth, benefiting from an
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early introduction in the curriculum, followed by deeper
treatment in a more advanced course? What misconceptions
and outdated models persist that need to be updated or
eliminated? What constitutes an effective and engaging inorganic
chemistry curriculum that promotes in-depth learning and
encourages students to continue study in inorganic chemistry?
This survey indicates that the community already has a shared
vision of topics that are essential to the study of inorganic
chemistry (Table 2). These topics would appear, ideally, in a first
or foundation course in inorganic chemistry. We are not saying
that these are the only topics that should be covered but believe
that a well-structured foundation course that does not try to do
too much is the most effective way to begin the inorganic
curriculum. Research on student learning has shown that the
drinking from a firehose approach leads to surface rather than
deep learning or good retention,"**® and current efforts in
science education reform are focusing on smaller numbers of

S TPSEPRT] . » 55 « . » 56 « .
disciplinary core ideas”,” “anchoring concepts”,”® and “learning

progressions”.””>"

Most of these core topics appear again in more than half of
current in-depth courses (Table 2), allowing for deeper coverage.
For example, if the in-depth course is taken after students have
completed physical chemistry, the basic ideas about atomic
structure can be connected more closely to quantum mechanics.
The chemistry of coordination compounds can be extended to
cover spectroscopy. Symmetry concepts can be expanded to
include more advanced ideas in group theory and the molecular
orbital treatment of more complex molecules. This is not unlike
the three-tiered approach to the inorganic curriculum that was
discussed during the 1980 symposium. The tiers are not intended
to repeat concepts but rather to build upon concepts as the
student’s level of chemical sophistication grows.*"**

The survey also suggests several topics that are best reserved
for more advanced study (Table 2) in an in-depth course or in
special topics courses. Organometallic, bioinorganic, and
materials chemistry are all well-established research areas, yet
only organometallic chemistry enjoys regular inclusion in the
inorganic curriculum. This may be partly textbook-driven. In
undergraduate textbooks, advanced topics fall at the end of the
book and are often given only cursory coverage or left out
completely. In the hands of an instructor who has little personal
experience in a subdiscipline like bioinorganic or materials
chemistry, weak textbook coverage may lead to the omission of
these more advanced topics. Fortunately, online teaching
resources can help instructors with little experience teach these
topics in engaging ways. For example, VIPEr has a short
introduction to bioinorganic chemistry that helps students
understand why biology employs metals in many roles, given
their limited bioavailability and frequent toxicity.”” In materials
chemistry, there are many resources to help students understand

DOI: 10.1021/acs.inorgchem.5b01320
Inorg. Chem. 2015, 54, 8859—8868


http://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.5b01320/suppl_file/ic5b01320_si_002.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.5b01320/suppl_file/ic5b01320_si_002.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.5b01320/suppl_file/ic5b01320_si_002.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.5b01320/suppl_file/ic5b01320_si_002.pdf
http://dx.doi.org/10.1021/acs.inorgchem.5b01320

Inorganic Chemistry

and visualize the structures of extended systems.”’”** These
materials can provide exciting new applications of fundamental
topics.

A two-semester model for inorganic chemistry, similar to that
devoted to physical and organic chemistry in many curricula, can
facilitate the development of an effective inorganic chemistry
curriculum. The first semester, with no physical chemistry
prerequisite, could cover the core topics in Table 2, preferably
with the introduction of examples that touch on the areas of
solid-state materials, bioinorganic, and organometallic chemistry.
A second-semester course, preferably with a physical chemistry
pre- or corequisite, could take many forms but would build on the
basic foundation laid in the first-semester course to further
develop the core topics listed in column 2 of Table 2 and include
some coverage of research topics in column 3 of Table 2.

A tiered model of coverage also provides opportunities to
integrate ideas across chemistry and to identify the best models
to explain chemical phenomena. For example, structure and
bonding are first introduced in general chemistry, where students
learn Lewis theory so that they can predict the shape of a
molecule using VSEPR. Organic chemists emphasize valence
bond theory, and physical chemistry uses quantum approaches.
Inorganic chemistry is likely the first class where students have a
chance to step back and see how chemists use multiple models to
explain chemical Gphenomena. Learning how and when to use
different models*®® may well be the biggest challenge of
learning chemistry, particularly inorganic chemistry. To
complicate things, some of the inorganic chemistry that remains
in the standard general chemistry sequence is arguably incorrect,
for example, the use of d-orbital hybridization to explain
exceptions to the octet rule. In our courses, we can help
students move beyond learning chemistry as isolated topics and
move toward a more integrated understanding of complex ideas
and underlying chemical concepts.””**

A scaffolded, two-semester approach that avoids covering too
much has the potential to be an effective curriculum, but to
develop student interest, it must also be an engaging curriculum.
Incorporating exciting and current examples from the
literature®”®® 'in both foundation and in-depth courses can
increase student interest and help students develop their
understanding of how chemists use models in different contexts.
Seeing the relevance and applications of inorganic chemistry will
whet the appetite of an undergraduate to choose to pursue an in-
depth course of study in inorganic chemistry where one exists or
spark a passion for study when the opportunity next presents
itself. Incorporating current literature into the classroom is a
challenge because textbooks cannot easily keep up with the latest
developments in chemistry and chemists cannot possibly read all
of the literature in all of the subdisciplines of inorganic chemistry.
Online resources that encourage the development and exchange
of materials based on the current literature make it possible to
easily update a course with timely content. Examples can be
found that tie some of the simplest concepts, such as Lewis dot
structures,” to exciting new compounds’” or that ask students to
grapple with the relationship between Lewis structures and
bonding models.”" Other materials focused on the primary
literature can tie research at the frontiers of inorganic chemistry
to basic chemical concepts such as using physical methods to
understand the characterization of metalloenzymes’” or tuning
the band gap in thin-film solar cells.””

Courses can also be made more engaging by increasing the use
of practices that have been shown to be more effective than
lecture, most of which can be used in large or small classes. These
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practices include collaborative learning, peer instruction, in-class
activities, interactive simulations,”* case studies,’® and problem-
based learning.”>~”” While a majority of respondents are
incorporating in-class activities into their instruction, we should
ask ourselves whether these instructional practices mirror the
ways of thinking that we practice in research. Are we engaging
students with questions the same way that we do in the research
laboratory? We all highlight chemical literature, but how
frequently do we do literature-based discussion? Both our
students and the field will benefit from engaging in authentic
scientific practices in the classroom. By using these strategies and
incorporating techniques from the learning sciences into the
classroom,”® we can help students develop a robust under-
standing of inorganic chemistry.

10. A BRAVE NEW WORLD

The inorganic community has come together many times to
discuss the state of the undergraduate inorganic chemistry
curriculum. On a basic level, our courses affect the preparation of
our students. More broadly, they affect how we inspire students
and provide them with the tools to push the boundaries of
inorganic chemistry and solve the scientific and technological
challenges we face. The results from this survey begin to answer
the question of what we are doing so that we can begin to answer
the question, what should we be doing?

There is no single course in inorganic chemistry, but there
should be elements of inorganic chemistry with which all of our
students are familiar. Our students should connect fundamental
concepts to the primary literature and develop the skills they
need to work at the frontiers of inorganic chemistry. As a
community, we need to establish what is essential for the
undergraduate inorganic curriculum and advocate for strong
coverage of inorganic chemistry. We need to engage in a
discussion of our teaching and share pedagogical content
knowledge such as common misconceptions to improve the
education of the next generation of inorganic chemists.

To begin this conversation, IONiC has created a Forum Topic
on VIPEr"” to encourage a discussion of the survey results, to
identify important topics that we may have missed, and to share
strategies to ensure inorganic chemistry has a robust position in
the curriculum. The DIC has sponsored a session on Under-
graduate Teaching at the Frontiers of Inorganic Chemistry to be
held at the 251st ACS National Meeting in March 2016, and we
encourage members of the inorganic chemistry community to
participate. We invite you to continue this conversation and
shape the future of inorganic chemistry.
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