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Catalog Description

CH 114 Basic Inorganic Chemistry var 2 or 4 credits

3 lecture hours
3 lab hours
(3¢c-31-4sh)

Prerequisite: CH 113 (4 credits) or CH 111 and CH 112 (2 credits)

Continuation of Concepts in Chemistry. Topics include chemical
kinetics, equilibrium and thermodynamics, acids and bases,

electrochemistry, coordination chemistry and descriptive chemistry
of selected elements.



Catalog Description 2

CH 114 Basic Inorganic Chemistry var. 2 or 4 credits

3 lecture hours
3 1lab hours
(3c-31-4sh)

Prerequisite: CH 113 (4 credits) or CH 111 and CH 112 (2 credits)

Continuation of Concepts in Chemistry. Topics include chemical
kinetics, equilibrium and thermodynamics, acids and bases,
electrochemistry and descriptive chemistry of selected elements.

2. Summary of the Proposed Revisions

We are reorganizing the distribution of topics between CH 113 and CH
114 so that the topics of solid, liquid and solution states have
been moved from CH 114 to CH 113 and "descriptive chemistry of the
elements" is moved to CH 114. The lectures covering solubility
equilibria and nuclear chemistry have been replaced in part by
lectures on thermodynamics and coordination chemistry. To
accommodate the inclusion of these topics and the expansion of
section on descriptive chemistry of the elements, the number of
lectures devoted to other topics in the course have been reduced.
Finally in part IV of the syllabus, the weight given to the
laboratory portion of the course has been increased slightly and the
grading of daily assignments has also been included while the
weighing of exams including the final has been reduced.

The two credit version of this variable credit course will be
available only to those students who have taken CH 111 and 112, or
its equivalent and wish to receive ACS certification of their B.S.
degree. (See rationale below).

This course will be required if a student wishes to receive ACS
certification of the B.S. degree. This course is not required for
the B.A. degree nor if the student does not wish ACS certification
of the B.S. degree. Notation to this effect will appear in the

summary of requirements for the B.S. degree in Chemistry printed in
the catalog.

3. Course Syllabus ‘
(previous course syllabus attached as an appendix)

I. Catalog Description

CH 114 Basic Inorganic Chemistry var. 2 or 4 credits
3 lecture hours
3 lab hours
(3c-31-4sh)

Prerequisite: CH 113 (4 credits) or CH 111 and CH 112 (2 credits)
Continuation of Concepts in Chemistry. Topics covered include

chemical kinetics, equilibrium and thermodynamics, acids and bases,
electrochemistry and descriptive chemistry of selected elements.



II. Course Objectives 3

A. Students will understand the basics of chemical kinetics and be
able to derive rate laws.

B. Students will understand the basics of chemical equilibrium
systems including gas phase, acid-base and complex forming types.

C. Students will also be able to perform quantitative calculations
related to the composition of equilibrium systems.

D. Students w@ll understand the characteristics of acids and bases
and the principles of weak acid equilibria.

E. Studepts yill understand the fundamental qualitative and
quantitative aspects of electrochemical cells and their
associated oxidation-reduction reactions.

F. Students will understand the chemistry of coordination compounds.

G. Students will understand the descriptive chemistry of the main
group elements. Descriptive chemistry of the elements involves a
systematic presentation of the important compounds of each
element along with their reactions and properties.

H. In the laboratory, students will be able to apply the principles
learned in lecture to qualitatively and quantitatively analyze
experimental data they collect and explain its significance.

. III. Course Outline (Lecture)

A. Chemical Kinetics: The Rates and Mechanisms of Chemical Reactions
(3 lectures)

1. Reaction rates and rate laws
2. Effect of concentration and temperature on rates
3. Mechanisms

B. Chemical Equilibria: General Concepts (4 lectures)
1. Fundamental concepts of equilibria
2. Equilibrium calculations

C. The Spontaneity of Chemical Reactions: Entropy and Free Energy
(3 lectures)
1. Spontaneous and non-spontaneous reactions
2. Entropy
3. Free energy

D. Acids and Bases (5 lectures)
1. Acid-base systems
2. pH scale
3. Buffer systems, weak acids and bases
4. Acid-base strength

E. Electrochemistry (4 lectures)
1. Oxidation-reduction reactions
2. Voltaic cells and standard potentials
3. Electrolytic cells and Faraday’s law
4. The Nerst equation



F. Coordination Compounds (5 lectures)

1. Basic characteristics of coordination compounds
2. Structures of coordination compounds
3. Bonding and color in coordination compounds
4. Physical properties of transition metals
G. The Chemistry of Hydrogen and the s-Block Elements
(4 lectures)
1. The chemistry of hydrogen and diagonal relationships in the
periodic table
2. The alkali metals: Group 1A
3. The alkaline earth metals: Group 2A
H. Metals, Metalloids, Nonmetals: Periodic Groups 3A and 4A
(4 lectures)
1. The elements of Group 3A-Boron and Aluminum

2.

The elements of Group 4A-C Carbon, Silicon, Tin and Lead

I. The Chemistry of Nonmetals: Periodic Groups 5A Through 7A and the
Rare Gases (7 lectures)

1.

2.
3.
4.

The chemistry of the elements Nitrogen, Phosphorus, Oxygen and
Sulfur

The chemistry of the oxides and halides of these elements
Chemistry of the halogens

Noble gas compounds

IV. Evaluation Methods

60%

10%

5%

25%

Exams-Four one-hour exams covering the material from the
preceding 3 weeks. These contain multiple choice, short
answer and essay questions as well as numerical problems. The
fourth hour exam will be given at the time scheduled for the
final exam.

Quizzes-Periodic announced or unannounced quizzes covering the
homework assignments and recent lecture material.

Problem Sets-Questions or problems selected from the exercises
at the end of the chapter.

Laboratory-Reports and quizzes from the laboratory portion of
the course.

V. Required Texts

Brown, T.L.; Lemay, H.E., Chemistry the Central Science, Prentice-

Hall:

Englewood Cliffs, NJ, 1991.

Abraham, M.R.; Pavelich, M.J. Inquiries Into Chemistry, Waveland
Press: Prospect Heights, IL 1979.

McQuarrie, D.A.; Rock, P.A. Descriptive Chemistry, Freeman: New

York,

1985.

VI. Special Resources Requirements

Each student is expected to purchase a pair of safety goggles for
use in the laboratory.



General Topic
Kinetics

Equilibrium
Equilibrium

Acids and Bases

Acids and Bases
|Acids and Bases
Electrochemistry
Descriptive Chemistry
{Descriptive Chemistry

Descriptive Chemistry
De%criptive Chemistry

Descriptive Chemistry

VII. Bibliography

Mortimer, C. Chemistry, Wadsworth: New York, 1986.

Kotz, J.C.; Purcell, K.F. Chemistry and Chemical Reactivity,
Saunders: Philadelphia, 1987.

Cgtton, F.A.; Wilkinson, G. Advanced Inorganic Chemistry, John
Wiley and Sons: New York, 1986.

Atkins, P.W. Physical Chemistry, Freeman and Co.: New York, 1986.

Skoog, D.A.; West, D.M. Fundamentals of Analytical Chemistry,
Saunders: Philadelphia, 1988.

Summerlin, L.R.; Ealy, J.L. Chemical Demonstrations: A Sourcebook
for Teachers, American Chemical Society: Washington D.C., 1985.

! Summerlin, L.R.; Borgford, C.L.; Ealy, J.L. Chemical

| Demonstrations: A Sourcebook for Teachers, Vol. 2, American Chemical
‘ Society: Washington D.C., 1987.

Articles from current issues of:
Journal of Chemical Education and Chemical and Engineering News

CH 114 Lab Schedule

Experiment

Bromination of Acetone (K-2)

Studies of a Precipitation Reaction (I-1)
Iron(III) Nitrate and Potassium Thiocyanate (I-5)
Acid and Base Classifications (G-1)

Acetic Acid (I-3)

Acid and Base Interactions (G-2)

Electrolysis (J-2)

Chemical Properties (F-1)

Halogens (F-2)

Qualitative Analysis of Anions and Cations
(L-1/L-3)

Synthesis of an Unknown Coordination Compound
(Handout)

Spectroscopy of Coordination Compounds (Handout)

*The code in parenthesis represents experiments taken from the required
lab text: Inquiries Into Chemistry by Abraham and Pavelich.



4. Rationale/Justification for the Change

For certification of the IUP B.S. degree by the American Chemical
Society’s Committee on Professional Training (ACS-CPT) there must be
equal emphasis placed on each area of the chemistry curriculum:
analytical, organic, physical and inorganic chemistry. Also
required is a systematic presentation of the descriptive chemistry
of the elements as part of the inorganic curriculum. - We are
reorganizing the sequence of topics taught in CH 113 and CH 114 so
that we can meet these requirements. Currently we have only one
required semester of inorganic chemistry (CH 411) for a B.S. degree
which contains no descriptive chemistry of the elements while the
other areas of the chemistry curriculum have two required semesters
of lectures and laboratory work. It is, therefore, necessary to
modify CH 113 and CH 114 so that this sequence contains the
equivalent of an entire semester of inorganic chemistry that focuses
primarily on the descriptive chemistry of the elements. We also
plan to change the title of CH 114 to "Basic Inorganic Chemistry" to
indicate that this course will complement CH 411 and contains the
bulk of the inorganic lecture and lab material in the CH 113/114
sequence. Specifically, sections III.B. and III.F. in the CH 113
syllabus contain largely inorganic topics which when combined with
sections III.D.-XI. of the CH 114 syllabus results in 36 lecture
hours of inorganic chemistry with 23 lecture hours on chemistry of
the elements. We plan to make CH 114 a variable 2 or 4 credit
course since we wish to accommodate those students who want to
receive ACS certification of their degree but have already taken the
CH 111/CH 112 sequence, which contains no descriptive chemistry of
the elements. Thus, only those students who have taken CH 111 and
112, or its equivalent will be allowed to register for the 2 credit
version of CH 114. These students will attend lectures for the
second half of the semester when sections III.F.-I. are presented
and will be required to do the six laboratory experiments on
descriptive chemistry also presented in the second half of the
semester. These students will complete all quizzes, tests and
homework assignments given during this period and be graded using
the same evaluation scheme used for the four credit version of the
course.

Letters of Support:

Attached is a letter from the ACS-CPT after our most recent program
review as well as a copy of the relevant portions of the ACS-CPT
guidelines.



Rationale for Reapproval of CH 113 and CH 114 as a Liberal Studies
Natural Science Laboratory Course

‘ As described in the proposals for these courses, the revisions we
plan to make in CH 113 and CH 114 largely involve a reorganization of
topics between the two semesters as well as an expansion of the portion
of the course referred to as "descriptive inorganic chemistry". As noted
above virtually all of the topics in the CH 113-114 sequence previously
approved by the Liberal Studies Committee in 1989 as a laboratory science
course remain. However, to accommodate the expansion of the descriptive
inorganic chemistry we have reduced the number of hours devoted to all
other topics by 1-2 lecture hours and deleted the most advanced concepts
from these chapters which are treated more successfully in advanced
courses. The deletion of topics such as "phase changes", "solubility
equilibria" and "titration curves" are excellent examples.

In examining the descriptive inorganic chemistry in CH 114, we feel
that this new material also fulfills the Liberal Studies primary and
secondary goals listed in Part II-IV of the 1988 LS application for this
course. We have attached the previous Liberal Studies proposal for
reference. This type of course material has a number of characteristics
that make it different from the other topics. First, it is largely
factual since it describes the known structures, properties and chemical
reactions of the elements and their compounds, therefore the periodic
'table of elements is used to organize the lectures instead. Second, each
| family of elements and their compounds is examined in turn and compared
to neighboring groups in the periodic table. Finally, selected
applications of the elements and their compounds to chemical technology
islalso presented. Since this material is placed at the end of the
second semester the concepts, theories and principles discussed in
prévious chapters are reviewed and applied to specific examples. Thus,
this material allows us to create links from the theories and general
concepts of chemistry to specific chemical and physical properties of the
elements and their compounds. To complement the lectures on descriptive
inorganic chemistry we plan to substitute two or three laborato;y .
experiments in the present syllabus with ones focusing on desgrlptlve
chemistry of the elements. Other descriptive chemistry experiments we
now use in the lab portion of CH 113 will be moved to CH 114 to round out

the second semester.




Appendix

Letter from American Chemical Society’s Committee on Professional
Training (ACS—-CPT)

Selected pages from ACS-CPT handbook

Previous course syllabus for CH 114



# | .
K4 American Chemical Scciety

COMMITTZE MEMBERS

CCMMITTESE ON PRCFZ33iCNAL TRAINING

Marjane C. C:serg, Chair ‘ 1152 Sixteentn Streer, N.W.,, Wasningzen, £.C. 20026
Norman C. Craig Gereen G. Hammes
Seaer P gove  remen® naesy Sazara A. Gallagher, Secretary (202) 8724589
L C Lavid Guiscne Swaacy W. Shalaey Carw 2. Nelson, Statt Associate (292) 8721539

Goracn A. Hamuton  J.M Whie
Alice J. Cunningmam. Consuitant

¥zrch 20, 1989

Dr. Neil J. As"'ﬂg. Chaizperson
Dezav=meat of Chemxs':‘_:

Indianz University of Pennsylvania
Indianz, PA 15703

Daaz 2. Azting:

Thank yeu for sending us vour department’s 19§7-i3 annual and five -year zTe-
evaluazisn reports. Hewever, in preparing your zegort for review bv the
Commizz2e, IT was not apparent to us where desc::;::.ve inerganic chem:.scry is
covered in your curriculum. I this material has Yeen integrated intc one or
more courses, would ycu pleare send us the final exams for the courses where
basic inorganic chemis'-y is coverad. If ACS stazdardized exams were used for

» any of chese courses, plezase provide. profiles of youzr student:s rankings on each
e+ exarination over the last two years. SR

Also, would you please send us your comments or where your students sa:isfy che g
ACS Guidelines requirement for synchesis and chavacterizationm of irorganic
compounds beyond the level of general chemistry.

. Py

We would appreciate it If you could send this mazerial by April 1S5.

;,1

AN you for youl cooperac Ilon.

Siacerely,

3zrbara A. Gallagher
Secre tary

WR2BES -




P

i
v
-

e Nt g WAL s, A N SR 2d e o

“1 Sovema,

R TR

Professnonai

Educatlon

in Chemistry:

Guidelines
and
Evaluatlon

""\“_

Procedures

Fall 1983

AMERICAN
CHEMICAL

10

SOCIETY - o

COMMITI'EE

'PROFESSIONAL
TRAINING

et R VAR

TR

L 4

Avan LG Ly

0,

CRE L avrirabi




The Core Curriculum

Programs of study in chemistry for majors and non-majors can be organized in
many ways lo reflecl the instilution's mission, the available facilities, and the interests
and capabililies of the studenls and laculty, 1 lowover organized, (I _.n cote curticulum
ol an “.53::5._ program (Ihat part of the program taken by all cortiliable graduates)

st inchude 1oughly two semesters of study of each of four lundanionlal_areas;
analylical, inorganic, organic, and physical chamistry,

_:.__.m_ m-cammm should include an introduction to chemical principles, m._a..q_o:_cé
acm_:. “m__<o analysis, .m:n_ basic inorganic chemistry — the elemenlary quantitative
analysis and the basic Inorganic chemistry being equivalenl o _approxim

h

semester’ s work in_each subject. Basic i i

should iuchde descriplive chemislry dealing in a syslemalic way with the m.m.:m:z.“
and the m._.co_c_mm 1opetlies, and reactions of their compounds. Porlions of the
core requirements might ba compleled in a cownsa i genneml charisity. For exam.
_...... nammeral chiomiztry coman whh hoavy omphinata on inerganies :._::.__::< amild
salisly ns meh as one hall of the one yoeinr core toquirtement In thal area <S_c.._
pals of o goneral chentisty course ae used o_satisly_ some of the core ..o.l_mm.:m.

LB aaay el —rmee Tl
e —— e,

e, ho Conumiliee requests suppotting docurnentation in the form ol syllabi and —

examinations,

:.o” remaining core malterial normally is covered in lwo semeslers of organic
chemistry, lwo of physical chemisiry, ong of upper level inorganic chemisiry, and
one of upper level instrumental analylical chernislry. Ordinarily the cvnm~..o<m_
caursas in inorganic chemislry and analylical chemislry should have organic and
calculus-based phiysical chemistry as prerequisites.

>_=R.=_c: conventional names have been used lo describe the core areas, the
O.c_::__:mm recognizes and encourages approaches that cover the same :.m_w.wm_ In
dillerent ways, Al of the cotn cotnges not only musl ba oflarad hut actually given on
a regular schaochide that enablos students to take them in proper sequence.

szo courses shuuld include examples ol biochemislry, polyimer chemistry, and
applied chemistiy, parlicularly il those ateas of chemistry are nol covered in ad-
vancedcouises, 1T woughoul lhe core, allention should be given to chemical salely,
syslematic use of the cherical literalure, and compuler %v_mom:o:m. ' .

Advanced Courses

_ I nddition to thn cona, nppraved programa inclicdo o minbum of aix somonler -
.c:..m of advanced work. Advanced chemistry cottses nre those thal bave a major
c.::_c: ol the core caticulum, usuatly inchuding physical chemistry, as a pretequl-
site. Howeve, a biochamistry course thal uses quantilativo concepls involving kinel-

Easabga g A AR

ics; thermodynamics, golutioh properties
"= bul "ot physlcal chemistry‘as ‘a pferequisite’ may be appropriale for che
malors in approved programs. Also, somd advanced organic courses (for ex
advanced organic synthesis) may nol require a physical chemistry prerequisi
Commillee coes request for evaluatlon coples of coutse syllabl and exami
for advancad courses lhat do hol have a semaster of physical chemislry as |

uisile,

Upper level Independent study and research at i -physical chemisti
“may be counied as advanced work, as may advanced courses in chemict
neering, computer science, emistry, surlace chemistry, mathematics, n
lar blology, physlcs, and other altied lields. Because of the importance of bioc
try and polymer chemislry, those areas should receive serious considera
lopics lor advanced courses. However the requirement lor advanced work is
Is essential thal sulficient advanced courses be given each year in chemisiry !
It thoy winh 10 do ro, aludania may obtaln the amotnt of ac Ivrinesedd cennn
npeciiiod I thoso guldellinos lom among coursos offsrod by tho climmitry «

meint,

£
S

£l

i

_..;K Curriculum Summary
PP In summary, m:. approved program Is comprised of core malerial equiv:

approximately 32_semesler_hours equally distribuled In_analviical, inorgal

ganic, and physical chemistry and ggproximately six semesler hous ol ad
STy Al 16e_advancaddavel. About one-hall of the core malerial in analylic
aadvanced courses, should follow at leas! a sam:

34 s Inorganle, as well no..m_.._ ol the
+ " physical chemistry. " - ’

2~ - . Laboratory Work

Laboralory work should give students hands-on knowledge of chemislry ¢
sell-confidence and compelence lo:
— plan and execute experiments through use of the literature

—anticipatd, tecbgnize, and respond,properly lo hezards of chemical me
fopig - R Rl e .
" — keep neal, complete experlimental records

— synlhesizo and characterize inotganic and organic compounds
—- perform accuiale cuaniilative measuremenls

e
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I. CATALCE DESCRIPTION credits

lecture hours
laboratory hours

(RO

CH LU Conapts in Qlhemis by IT

1 Y X WU A Im b NS e RB YP E ) B e ST WBLEL

Prevrequisite: CH 113

Corsiruation of Concepts in Chemistry I. Tabics covered include’
the liquid and solid states, salutian theary, chemical
equilibrium, kinetics, electrochemisiry, nuclear chemisiry, and
descriptive chemistiry of selected elements. )

I1I. COURSz OBJECTIVES'

A. Students will understand the states of matter and the
characteristic properties of them.

B. Students will understand the principles of sclution theory and
the properties of solutions.

c. Students will understand the basiecs of chemical Kkinetiecs and
| be able to derive rate laws. '

o D. tudents will understand. the principles of chemical
i equilibrium systems including gas phase, acid-base, solubility,
Ve anrd complgx—forming types. A .. 4 7

E. tudent will be able to perform quantitative calculations
relatad to the composition of equilibrium systems. :

‘ F. Students will understand .the fundamental qualitative-aﬁd
R quantitative aspects of electrochemical cells and their
: *  associated oxidation—reduction reactions. -

|l i#I11. COURSE OUTLINE(LECTURE)

b A. States of Matter(7 lectures) T e -
RO | 1. Intermolecular forces :
S 2. Liquid and solid state
3. Phase changes
4. Solution formation
5. Sclution concentration
€. Properties of solutions

o B. Chemical Kinetics(7 lectures)
b i. Reaction rates and rate laws
2. Effect of concentration and tempgerature on rate
. Reaction mechanisms
. Catalysis

$




.13

C. Chemical Equilibrium(7 Lectures)
1. Fundamental concepts and equiliSrium constant
2. Equilibrium calculations

D. FRcid-Base equilibrium(8 lectures)
i. Acid-base systems
2. pH scale
3. Buffer sysiems
4, Titration curves

E. S;Eubility equilibrium(é lectures)
1. Common ion effect
2. Complex icn formation

F. Electrochenistry(7 lectures)
" 1, Oxidation—-reduction reactions
2. Voltaic cells and standard potentials

';‘, I:{_
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3. Electrolytic cells and Faraday's Laws
4, Nernst equation

KIV. EVALUATION METHODS

S@% Three one-hour exams covering
. o material from preceding 3-4 weeks. -.
Numerical problems .and short essay.

2% T E Reports and qux::es from laboratory
portion of the course. : ,

20% '?§ Comprehensive'final exam.'

10%. - L Periodice announced or unannounced

-

quizzes covering recent materxal
and homework assignments.

Lae-

| ,v'. Rsc.zuman TEXTBOOKS

S .Kotb, J.C. and Purcell, K.F., Chemistrv and Chemical
L. Reactivity, Saunders, 1387 o .

S .-.
et
ROLANR P

fbraham, M.R. and PéQelich, M.J.,;Eﬁguirieé'lnto Chenistry, -
.Haveland Press, 1979-=A e T s

SPECIRL RESOURCE R‘QUIREMENTS

Students are requ:red to have. suitakble safety glasses for 3
the laboratory. :
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‘February 28 " . Water Hardness ~(Quantit§i§e'

" March 7

CE 114 LAB SCHEDULZ
Spring 19829

Date Xperiment Title
January 21 Handout Check-in; Introduction

to Coerdination Compounds

January 28 Handcut Synthesis and Purification of
[Co (NH3) 4C03} NO; (Hzo) o5

February 7 Handout Synthesis ¢f an Unknown
Coordination Compound

February 14 Handout Spectroscopy of Coordination
Compounds
February 21 L-2 & L-,S . Qualitative Analysis of Anions

and Cations

Ton Analyas)

Formaldehyue Clock Reactlon '

March 14 -

‘March 21
Marci 28 Monday ‘aasses Held — No Lab
Apriie -t
1-4 |
‘ ‘ - Thlocyanate
15 Acetic Acid
April 25 G-2 Acid and Base Interactions .
May 2 J-2 Electrolysis

Mayv ¢ LAB FINAL AND CHECXOUT



