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FOREWORD

This tentative syllabus represents an attempt to develop a suggested S
chemistry, As indicated on the cover, this course is intended for nonsciency
a senior high school course in chemistry. The Regents course in chemistry,
3-unit, Group 2, major sequence or as an elective, serves the needs of the h§
student. This course in general chemistry is mainly for the average student}
be different from those who take the Regents chemistry course. :

The past decade has seen many important changes in the science courses
There is greater depth of treatment in the new science 7-8-9 program. As a §
science syllabuses have been revised to limit the range of content to permit
understanding. Obsolete content has been eliminated from the new courses. §
A basic core of required material with optional extended areas has provided
treatment. New and more appropriate laboratory experiences have been introd
quantitative and analytical investigations.

At the same time the holding power of the secondary school has continuc)
pupil population with an ever widening range of interests and abilities. Th
a significant percentage of students take no chemistry beyond the ninth year§
counselors, and administrators have recommended that the Department develop §
with an optional State examination. These recommendations were adopted by t
and this office, and have led to this publication. :

A committee was appointed and convened in May 1966 to consider the prob}
to the nature and framework of such a course. This committee consisted of t]
diverse areas of the State who were experienced with local and national scief§
of the committee were: Daniel Beckett - Hempstead High School; Joseph Bovang
Howard Facklam - Amherst Central High School, Snyder; Milton Goodman - wNestcl
El1lis Katzman - Erasmus Hall High School, New York City; William Kelley - Th@
Joan Leonard - Bay Ridge High School, New York City; Joseph Marcelli - Hudsoj
Leonora Pugh - Cochran School of Nursing, Yonkers; and Robert Wiechman - New

During the spring of 1967,a committee of high school chemistry teachers§
syllabus. The members of this committee are: Anthony Anacreonte - Plainedgp
Citriniti - Sauquoit Valley Central School; Harold Dorf - Midwood High Schoof
Azdrerst Central School, Snyder; Elizabeth Lamphere - Norwich Central School;g
Anthony A. Henninger High School, Syracuse. The framework developed at the K
Miss Lamphere, reviewed by the members of the committee, and served as the bf
of a new syllabus. )
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FOREWORD

resents an attempt to develop a suggested State course of study for general
cover, this course is intended for nonscience majors who would benefit from
hemistry. The Regents course in chemistry, used for credit as part of the
or as an elective, serves the needs of the high average and above average

chemistry is mainly for the average student whose interests and goals may
the Regents chemistry course.

iny important changes in the science courses offered in secondary schools.

ent in the new science 7-8-9 program. As a result senior high school Regents
ised to limit the range of content to permit a greater depth of treatment and
has been eliminated from the new courses. Some new content has been added.
1 with optional extended areas has provided teachers with time for depth

iate laboratory experiences have been introduced to permii extensive
stigations.

g power of the seccndary school has continued to increase, there has emerged a
Tdening range of interests and abilities. Then, too, there is the fact that
ents take no chemistry beyond the ninth year. As a result, many teachers,

ave recommended that the Department develop a general course in chemistry

on. These recommendations were adopted by the Bureau of Science Education
this publication.

Ind convened in May 1966 to consider the problem and make recommendations as
uch a course. This committee consisted of teachers and supervisors from

ere experienced with local and national science curriculum programs. Members
eckett - Hempstead High School; Joseph Bovan - Vestal Central School;

High School, Snyder; Miltcn Goodman - Westchester - munity College, Valhalla;
th School, New York City; William Kelley - The Fox Lw.e School, Bedford;

hool, New York City; Joseph Marcelli - Hudson Valley Community College, Troy;

f Nursing, Yonkers; and Robert Wiechman - New Rochelle Hospital-Nursing.

. committee of high school chemistry teachers met to develop this chemistry
fommittee are: Anthony Anacreonte - Plainedge Public Schools; Vincent

ral School; Harold Dorf - Midwood High School, New York City; Howard Facklam -
Elizabeth Lamphere - Norwich Central School; and E. Dorothy Swindelis -

, Syracuse. The framework developed at the first meeting was expanded by
lembers of the committee, and served as the basis for the experimental draft
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During the summer of 1967, Miss Lamphere, serving as a consultant to thdf
Development, worked under the direction of John V. Favitta, Associate in Scid§
new course. Robert G. MacGregor, formerly Associate in Science Education an
Education, reviewed the manuscript and made valuable suggestions, This expex
small number of schools in the State during the 1967-68 school year.

This draft was revised during the summer of 1968 on the basis of the exp§
in the experimentation, and on the recommendations made by the syllabus commi
prepared by W. Allister Crandall, Pulaski Central School, and Miss Lamphere,
of Mr. Favitta. The final edition of the syllabus, reflecting feedback from §
3 years, was prepared during the summer of 1970 by Qrson W. Dunham, Guilderlaj
Douglas C. Franke, Colonie Central High School, working with Mr. Favitta.

it is not the intent of this syllabus to mandate the selection of any pe
guide. Most teachers will find it desirable to rely on multiple references

Reactions to this draft are welcome. They should be addressed to the Buf
one of the Bureaus listed below.

Gordon E. Van Hooftf
Chief, Bureau of Sc§f
Curriculum Developnfd

William E. Young

Director, Curriculum
Development Center

iv
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ript and made valuable suggestions. This experimental draft was used in a
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OVERVIEW

Aims and content of the general chemistry course

This course of study presents an approach to the
study of chemistry which may be more useful to some
pupils than the Regents chemistry course. An effort
has been made to provide pupils, not majoring in high

school science, with a course of study that may better

prepare them to meet their special goals in life. In
addition, the course helps to provide pupils with an
increased understanding of the work of the chemist.

The objectives of this course in chemistry should

extend beyond a minimal comprehension of the basic
facts and principles outlined in this syllabus.

The laboratory approach should be stressed and under-
standings should come out of laboratory experiences
whenever possible. The appreciation of scientific
methods, the ability and willingness to change
beliefs and opinions after careful weighing of new
evidence, and the development of the habit of
critical thinking are the intangible, but important,
outcomes of this course.

State diploma credit

This course may be used as one unit of Group III
credit as an elective toward a New York State Regents
high school diploma. This course may not be used as
one unit of credit for the Group II major science
sequence toward a New York State Regents high school
diploma.

Sequence and scheduling

In an attempt to introduce some degree of
flexibility in the course, and at the same time pro-
vide for an adequate coverage of basic areas, the.
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OVERVIEW

content of the proposed syllabus has been divided
into three basic core areas and five optional areas.
The minimum requirements of the course include the
basic core (Areas I, II, and III) and any two of the
optional areas. In addition, provicion must be made
at the local level to evaluate proficiency in labo-
ratory skills. (See under '"Final Examination.")

The guide below may help to establish a basic
frame of reference for the course:

Core Area

Area I Similarities
and Dissimilari-
ties of Matter

Area II Preparation
and Separation of
Substances

Area III Structure
and Properties of
Simple Organic
Compounds

Evaluation-Laboratory

Optioral Areas
(2 are required)

Area IV Further
Study of Organic
Compounds

Area V Chemistry
in the Home

Area VI Waier and
Air Pollution

Area VII Some
Modern Materials
and their Uses

Area VIII Chemical
Analysis

Skills

19

Suggested
Time

Allotment

9 weeks

10 weeks

2 weeks

6 weeks

6 weeks
6 weeks

6 weeks

6 weeks

1 week
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Final examination

A final examination will be prepared by the Depart-
ment for optional use by the local school system.

The final examination based on the course will
consist of:

60 points (Basic core - Areas I, II, and III.
Required by all.)

30 points (Fifteen points based on each optional
area. Pupils must select two of the
five areas.)

10 points (A laboratory-centered activity developed
at the local level.} Teachers should
complete this part of the zvaluation
before the date of the written
examination.

Feedback necessary for the preparation and im-
provement of the examination will require random
sampling of the General Chemistry answer sheets.
Schools using the final examination should be prepared,
upon request, to send the completed answer sheets to
the Department for an item analysis.

The minimum time required for this course is five
45-minute periods per week. The course should be
taught in a laboratory-classroom suitable for chemistry
instruction, and the laboratory approach to instruction
should be used whenever possible. It is recommended
that pupils engage in laboratory-type activity an aver-
age of three periods per week.

Prerequisites

The successful completion of Ninth Year Mathematics,
Course I - Algebra, is a prerequisite for this course in
chemistry.

Organization of syllabus

The material in the syllabus is organized under
four headings:
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Topical Outline - This column contains a listing
of topics for quick reference by the teacher.

Understanding and Concepts - This column outlines
the basic concepts to be introduced in the
course.

Laboratory Experiences - This column contains
suggestions and references for laboratory
activities to be used in the course. These
are coded to enable the teacher to locate
them readily. Specific references by code
are made to this publication, the Secience
7-8-9, Block J, The Chemistry of Matter,
and to the Chemistry Handbook.

The coding is as follows:

1. "A" followed by three digits indicates
activities in Appendix A of this publication.
For example, A 1.03 refers to the third
activity in Area I.

2. "J" followed by one or two digits indicates
the activity in the Appendix of Science
7-8-9, Block J.

3. "CH" followed by three digits indicates the
activity in the Chemistry Handbook.

Supplementary Information - This column includes
amplification and explanations of the basic
concepts with examples to illustrate the
depth of treatment intended. Material in
this column will be subject to examination
unless otherwise stated. Statements which
delimit the material subject to examination,
and specific suggestions to teachers are

rinted jn italics in this column.

Cautions referring to laboratory activities

are boxed in this column.

Appendix A - a listing of laboratory activities

Appendix B - a bibliography of chemistry reference
materials

Appendix C - a listing of films and filmstrips



TOPICAL OUTLINE

AREA 1 - SIMILARITIES AND DISSIMILARITIES OF MATTER

I. Substances

IT. Similarities and Dissimilarities Among Substances V. Periodif
A. Phase :
1. Gases
2. Liquids
3. Solids
4. Change of phase
B. Density :
C. Solubility AREA 2 - TIE
D. Other properties s
1. Luster I.
2. Malleability
3. Ductility
4. Tenacity
5. Brittleness
6. Electrical conductivity

III. Classes of Matter
A. Elements
1. Metals
2. Nonmetals
3. Metalloids
B. Compounds

1. Acids II.
2. Bases
3. Salts

4. Organic compounds
C. Mixtures
1. Suspensions
2. Solutions
3. Colloidal suspensions (colloids)
IV. Reasons for Similarities and Dissimilarities
A. Atomic structure
1. Protons
. 2. Neutrons
3. Electrons

13 vii




TOPICAL OUTLINE

S OF MATTER

g Substances

s)

larities

vii

B. Bonding
1. Covalent bonding
2. Ionic bonding

V. Periodic Table

A. Purpose

B. Arrangement

C. Properties
1. Metals
2. Nonmetals

AREA 2 - THE PREPARATION AND SEPARATION OF SUBSTANCES

I. Preparation of Substances
A. Energy and reactions
1. Activation energy
2. Exothermic reactions
3. Endothermic reactions
4. Heat of formation
B. Types of reactions
1. Direct union or synthesis
2. Exchange of ions
3. Single replacement
4. Decomposition
5. Gain and loss of electrons
II. Quantitative Relationships
A. Mole concept
B. Chemical shorthand
1. Symbols
2. Formulas
3. Equations
C. Mass relationships
1. From symbols
2. From formulas
3. From equations
D. Volume relationships
1. Mole volume
2. Combining volumes

e e i L 4 oo e e ok R R e e
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I1I.

Preparation of Solutions
A. Rate of dissolving
B. Solubility
1. Nature of solute and solvent
2. Temperature
3. Pressure
C. Concentration .
1. Concentrated and dilute solutions
2. Saturated, unsaturated, and supersaturated

solutions
3. Mass/volume
4. Molarity

IV. Separation of Substances

A. Separation by solubility
1. Filtration
2. Crystallization
B. Separation by boiling points

AREA 3 - STRUCTURE AND PROPERTIES OF SIMPLE CRGANIC

IT.

III.

COMPOUNDS

. Organic Compounds

A. Definition
B. General properties
Bonding in Organic Compounds
A. Isomers
B. Structural formulas
C. Saturated and unsaturated compounds
D. Homologous series
Some Classes of Organic Compounds
A. Hydrocarbons
1. Alkane series
2. Unsaturated hydrocarbons
3. Cyclic hydrocarbons
B. Other organic compounds
. Alcohols
. Aldehydes
. Ketones
. Ethers
. Organic acids

g NN

6. Esters
7. Amine group
8. Amino acids

AREA 4 - FURTHER STUDY OF ORGANIC COMPOUNfE

I. Hydrocarbons
A. Series of hydrocarbons

1. Alkanes
2. Alkenes
3. Alkynes

4. Alkadienes
5. Benzene series

B. Reactions of hydrocarbons
1. Substitution

2. Addition
3. Polymerization
4. Cracking

II. Alcohols
A. Classes of alcohols
B. Properties of alcohols
C. Some reactions of alcohols
1. Oxidation
2. Esterification
III. Aldehydes
IV. Organic Acids
V. Carbohydrates
A. Monosaccharides
B. Disaccharides
C. Polysaccharides
VI. Proteins
A. Formation from amino acids
B. Hydrolysis
VII. Lipids
AREA 5 - CHEMISTRY IN THE HOME

I. Foods
A. Preservation of foods
B. Some food nutrients

viii
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1. Carbohydrates D. Self-purification

2. Proteins 1. Degradation
3. Lipids 2. Decomposition
C. Changing structure of nutrients 3. Recovery
1. Hydrolysis 4. Clean water
2. Oxidation E. Water treatment
3. Coagulation 1. Aeration
D. Changing texture or particle size 2. Adsorption of gases
1. Colloidal dispersions 3. Coagulation and sedimentation
2. Forming gels 4. Chlorination
3. Forming emulsions 5. Water softening
4. Leavening action ITI. Air
5. Crystallization A. Composition of the air
II. Home Cleaning and Sanitation B. Causes of air pollution
A. Soaps and detergents C. Some major air polluters
1. Soaps 1. Industry
2. Detergents 2. Internal combustion engines
B. Bleaching 3. Furnaces and incinerators
C. Disinfectants D. Air pollutants
1. Solids
AREA 6 - ENVIRONMENTAL POLLUTION 2. lLiquids
3. Gases
I. Introduction a. Carbon monoxide
II. Water b. Oxides of nitrogen
A. Water supply _ c. Gaseous sulfur compounds
B. Naturally occurring substances d. Hydrocarbons
in the watér supply E. Prevention of air pollution
1. Rain water IV. Land
2. Ground water A. Refuse disposal
C. Water pollutants 1. Open dumps
1. Sewage 2. Sanitary landfills
2. Infectious agents 3. Incineration
3. Heat B. Prevention of land pollution
4. Sediments
5. Radioactive substances AREA 7 - SOME MODERN MATERIALS
6. Minerals and chemical substances
a. Plan? qutrients I. Polymers
b. Pesticides . A. gzrmation of polymers
¢. Industrial chemicais 1. Condensation
d. Salt water 2' Addition
e. Detergents )
£. 0il
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II.

III.

B. Some representative polymers
1. Polyamides
a. Proteins
b. Nylons
Phenolic plastics
Polyesters
. Vinyl plastics
. Silicones
a. Synthesis
b. Properties
C. Some types of polymers
1. Elastomers
2. Fibers
3. Thermoplastic polymers
4, Thermosetting and cold-setting plastics
Industrial Metals
A. "Natural" impurities
1. Concentration of ore
2. Reduction
B. "Artificial" impurities - alloying
C. Properties and uses of alloys
Radioisotopes
A. Nature of radioactivity
1. Stability of nuclei
2. Nuclear energy
a. Fission reactors
b. Fusion reactors
3. Major types of nuclear radiation
a. Alpha particles
b. Beta particles
c. Gamma rays
c. Neutrons
B. Some properties and uses of radioisotopes
1. Uses based on chemical reactivity
2. Uses based on radioactivity
3. Uses based on rate of decay and half-life
C. Detection of nuclear radiation
1. Film
2. Electroscope
3. Geiger counter
4. Scintillation counter

[TL R S TR
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D.

AREA 8 - CHEMICAL ANALYSIS

I. Qualitative Analysis
A.
B,
C.

D

Radiation and human safety T

Precipitation
Spectroscopy
Chromatography

1. Phases

2. Rate of flow
3. Identification
4. Adsorption

5. Thin layer

Gas evolution

. Quantitative Analysis

A.
B.

Gravimetric methods
Volumetric methods
1. Gas measurement
2. Titrating normal solutions

. Instrument analysis

1. pH meters
2. Colorimeters and spectrometers



Area 1 - Similarities and Dissimilar}

3 Understandings

2 Topical Outline and Concepts
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h 1 - Similarities and Dissimilarities of Matter

Laboratory Experiences

In all areas of this
course, pupils should gain
an increased understanding
of the concepts through
laboratory experience.

Laboratory experiences
should enable pupils to
sort out and classify a
nunber of substances on
the basis of their proper-
ties and on information
obtained from tables and
charts in the Reference
Tables, Chemistry Handbook,
and textbooks.

Supplementary Information

Material in this column
will be subject to exam-
ination unless otherwise
stated.

The concepts shown in col-
umn IT at the left for
this area should have been
covered to some extent in
earlier science courses.
Teachers should become
acquainted with Seience
7-8-9, Block J, The Chem-
istry of Matter, and
review pertinent material
with pupils when neces-
sary.

Some properties which can
be determined by the use
of tables are density,
melting point, boiling
point, solubility, and
phase at room temperature.

For purposes of examina-
tion, pupils will be held
responsible for the def-
initions and interpreta-
tion from tables and
charts for density,
melting point, boiling
point, solubility, and
phase.

19
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Topical Outline

A. Phase

1. Gases

20

Understandings
and Concepts

point, boiling point,
hardness, brittleness,
ductility, malleability,
tenacity, electrical con-
ductivity, and solubility.

The term "phase' is used
to refer to the gas,
liquid, or solid form of
matter.

The phase in which matter
exists depends on the
attractive forces between
its particles.

Gases have neither a def-
inite shape nor a definite
volume. They assume the
shape and volume of the
container.
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Laboratory Experiences

Supplementary Information

Pupils are not expected to
memorize tables of phys-
ical constants.

The magnitude of the
attractive forces between
the particles of a sub-
stance increases as the
distance between the par-
ticles decreases.

The effectiveness of the
attractive forces in
holding the particles of a
substance together depends
on the magnitude of the
forces and on the kinetic
energy of the particles.
The greater the kinetic
energy of the particles,
the greater the force
required to hold them
together.

The kinetic energy of the
particles of a substance
increases with increasing
temperature.

The particles of a sub-
stance in the gaseous
phase are relatively far
apart (as shown by the
compressibility of gases)

21
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Understandings

and Concepts

hid has a definite
b, but takes the
of the container.

jd has a definite
and volume.
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Laboratory Experiences

Pour liquids into contain-
ers of various shapes.

Find the volume of regu-
larty shaped objects by
using linear measurements.

Supplementary Information

and the attractive forces
have little effect on
their behavior.

In the gaseous phase the
particles are moving
faster (have more kinetic
energy) than when the sub-
stance is in the liquid or
solid phase.

. The particles in a liquid

are relatively close
together (as shown by the
fact that liquids are not
easily compressed). The
particlies are moving more
slowly than in the corre-
sponding gaseous phase,
but more rapidly than when
the substance is in the
solid phase.

The attractive forces are
sufficiently strong to
hold the particles
together, but not strong
enough to hold the par-
ticles in a fixed position
relative to other par-
ticles.

In the solid phase the

attractive forces are suf-
ficiently strong to hold

23
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4. Change of
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Understandings
and Concepts

The particles of a solid
resist a change of posi-
tion.

Change of phase of a sub-
stance is accompanied by
the absorption or release
of heat.

Energy is absorbed when a
solid becomes a liquid
and when a liquid becomes
a gas.

Energy is released when a
gas condenses to a liquid
and when a liquid becomes
a solid.

Laboratory Egggriences,i

The ‘volume of an irregu-§
larly shaped object can
be measured by finding t§
volume of water displaceg
by the object. -

A 1.01 in the appendix cf
be used to show changes B
between liquid and gasecg
phases. ‘

The melting and freezing}
water or of a low melting
point substance such as §
naphthalene or paradichif
obenzene can be used to
illustrate the change

between solid and liquidg
phases.
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Laboratory Experiences

The 'volume of an irregu-
larly shaped object can
be measured by finding the
volume of water displaced
by the object.

A 1.01 in the appendix can
be used to show changes
between liquid and gaseous
phases.

The melting and freezing of
water or of a low melting
point substance such as
naphthalene or paradichlor-
obenzene can be used to
illustrate the change
between solid and liquid
phases.

- during a phase change.

Supplementary Information

the particles in a regular
geometric pattern. All
true solids have a crys-
talline structure.

The energy absorbed or :
released during a change
of phase represents a
change in potential
energy. Thus the energy
absorbed when a solid
changes to a liquid or a
liquid to a gas does work
in separating the par-
ticles, resulting in a
higher potential energy
content. For example,
steam can cause more
serious burns than boiling
water at the same temper-
ature because of its
greater heat content.

During a change of phase,
the energy absorbed or
released does not affect
the speed (therefore the i
kinetic energy) of the
particles. Thus, there is
no temperature change

¥
l
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Topical Outline

a. Melting
point

b. Evaporation

{

Understandings

and Concepts

A pure solid has a defi-
nite temperature, called
the melting point, at
which it turns into a
liquid.

A 1liquid changes into a
solid at a temperature
called its freezing point.

The melting and freezing
points are the same tem-
perature for the same sub-
stance.

It is possible for a sub-
stance to exist as a
solid and a liquid at the
same temperature.

Evaporation occurs when-
ever a liquid substance
changes to a gas.

Evaporation tends to take
place at all temperatures.

Evaporation rate is
affected by temperature.

In a closed system, the
vapor (gas) produced
exerts a pressure which
increases as the tempera-
ture of the liquid is
raised.

Laboratq

Determing
of a soli
Directior]
melting
found in
manuals.

See CH 8.§
compariso
point of
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Laboratory Experiences

Determine the melting-point

of a solid such as ice.
Directions for determining
melting points can be
found in most laboratory
manuals.

See CH 8.06 b, ¢, for a
comparison of the melting
point of two metals.

Supplementary Information

The melting points and/or
boiling points of sub-
stances can be found in
reference tables, text-
books, and handbooks of
chemistry.

The term '"vapor" is fre-
quently used to refer to

‘the gas phase of a sub-

stance that is normally a
liquid or a solid at room
temperature.

N
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Topical Cutline

c. Boiling
point

B. Density

[4
&0

Understandingg
and Concepts

This vapor pressure is
specific for each sub-
stance.

A liquid will boil at a
temperature at which the
vapor pressure equals the
pressure on the liquid.

The normal boiling point
is the temperature at
which the vapor pressure
of the liquid equals one
atmosphere (760 mm. of
mercury).

Density is the mass per

unit volume of a substance.

Laboratory Experien:

Measure the boiling #
of water. Air pressy
and accuracy of the
mometer may account ¥
possible differences§
readings.

Density can easily bg
determined in the lab
tory. A variety of
of determining densi

are given in most laif
tory manuals or high §
school physics textbd
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Laboratory Experiences

Supplementary Information

Measure the boiling point
of water. Air pressure
and accuracy of the ther-
mometer may account for
possible differences in
readings,

Density can easily be
determined in the labora-
tory.
of determining density
are given in most labora-
tory manuals or high
school physics textbooks.

A variety of ways -

"Boiling point is the tem-
perature at which a liquid
changes to a gas" is an
inaccurate definition
often used. A liquid will
change to a gas at any
temperature., The boiling
point depends on the pres-
sure on the liquid.

Autoclaves used for ster-
ilizing materials and
pressure cookers operate
on the principle that the
boiling point is increased
when the pressure on the
liquid is increased.

Figures given for boiling
points of liquids in ref-
erence tables are “normal
boiling points."

Density should be
expressed in metric (cgs)
units,

The density of solids and
liquids is usuvally
expressed in grams per
milliliter (g/ml). The
density of gases is

0
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C. Solubility

D. Other properties

1. Luster

39

Understandings

and Concepts

When the density of a sub-
stance is compared with
the density of water, the
resulting value is called
the specific gravity.

Solubility is the ability
to dissolve in another
substance called a sol-
vent.

The silvery shine of many
substances is called lus-
ter.

Laboratory E-R

The specific g8
various liquidg
determined in §
tory using hyds

Compare the anf
undissolved sof
after equal quig
different soluf
been added to

umes of water.j

See CH 8.02 folf
activities deajd
luster. .

Sandpaper dullg
observe their
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Laboratory Experiences

Supplementary Information

The specific gravity of
various liquids can be
determined in the labora-
tory using hydrometers,

Compare the amounts of
undissolved solid left
after equal quantities of
different solutes have
been added to equal vol-
umes of water,

See CH 8.02 for suggested
activities dealing with
luster,

Sandpaper dull metals to
observe their luster.

usually expressed in grams
per liter,

The density of water is
consiiuvred to be 1 g/ml.

Density = sp.gr. x 1 g/ml.

In the metric system,
specific gravity and den-
sity have the same numer-
ical value., Specific
gravity is also known as
relative density.

Pupils should have studied
the property of solubility
in Section V-B-2 of Block

J (pp. 60-63).

Further details on solu-
tions will be studied in
Section III C of this Area
and in Area 2.

Pupils should have some
firethand experience with
the properties of luster,
malleability, ductility,
tenacity, brittleness, and
electrical conductivity.
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Laboratory Experiences

Supplementary Information

Zinc and copper sheets can

be hammered or worked into
new shapes.

Experiments involving duc-

tility are beyond the scope

of this course. However,
pupils can inspect wires
of different gauges and
composition to understand
the term.

Activity J-15 illustrates
the difference in tensile
strength between two
metals. The same method
can be used to compare the

tensile strength of differ-

ent fibers.

Compare the brittleness of
sulfur with lead or copper
by hitting a piece of each
with a hammer.

See CH 8.04 a(1) and b
for activities to illus-
trate electrical conduc-
tivity.

8

There are several other
properties, such as frac-
ture, streak, cleavage,
and hardness which pupils
may have encountered in
earth science courses.

2
(%)




Topical Gutline

A. Elements

1. Metals

2. Nonmetals

3. Metalloids

e T AL

o 34
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III. Classes of Matter

Understandings
and Concepts

An element is a substance
which cannot be decomposed
by a chemical change.

The majority of the ele-
ments are metals; they
have luster, are malleable
and ductile, and are good
conductors of heat and
electricity.

All metals except mercury
are solids at room tem-
perature.

Nonmetals, except bromine,
are gases or brittle
solids; they lack luster
and are poor conductors
of heat and electricity.

Metalloids are those ele-
ments which have certain
properties characteristic
of metals and other prop-
erties characteristic of
nonmetals,

Laboratory Experif

A collection of el
can be sorted intc¥
or nonmetal groupd
basis of luster aify
ductivity. :
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Laboratory Experiences

Supplementary Informatiocn

A collection of elements
can be sorted into metal
or nonmetal groups on the
basis of luster and con-
ductivity.

Teachers may wish to
introduce the symbols of
some of the common ele-
ments at this point.
Review the use of symbols
as covered in Section IV
of Block dJ.

The quantitative signif-
teance of symbols will be
treated in Arvea 2, Section
II C.

Atomic structure is
treated in Section IV of
this Area.

Many nonmetals can cause
skin burns or are poison-
ous .

Examples of metalloids are
boron, silicon, arsenic,
and tellurium.

%
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Topical Outline

B. Compounds

1. Acids

Understandings
and Concepts

A compound is a substance
which can be decomposed
by a chemical change. A
compound is composed of
two or more elements chem-
ically united.

All samples of a compound
have identical composition
and properties.

The components of a com-
pound are present in a
definite mass ratio which
cannot be varied.

Compounds may be classi-
fied according to their
structure, composition, or
properties.

The properties of a com-
pourd may be used to
classify it as an acid:

. An acid is a compound
which produces hydrogen
ions when dissolved in
water.

. Acids affect the color
of acid-base indicators.

. Acids neutralize the
effect of bases.

. Acids react with many
metals to liberate
hydrogen gas.

Laborat]

Heating
burning

The chemj
contains §
concerni;
CH 5.14 %

CH 5.15
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Laboratory Experiences

Heating mercuric oxide and
burning magnesium are
activities which can be
used for understanding of
the definition. Caution:
do not stare at burning
magnesium.

The chemistry handbook
contains several activities
concerning pH.

CH 5.14 - pH of distilled
water

CH 5.15 - Preparation of
solutions of

~ known pH

CH 5.16 - Color change of
indicators

CH 5.17 - pH of some common
substances

CH 5.18 - Neutralization

Supplementary Information

The decomposition of mer-
curic oxide should be
carried out in a fume
hood, preferably as a
teacher demonstration.
Both mercury and mercury
vapor are extremely toxic.
Pupils should not be
allowed to handle mercury.

The classification of com-
pounds greatly simplifies
the study of chemistry.

Acids can be defined in a
number of ways.

Pupile should be familiar

" with the pH scale and should

understand that each whole
number on the scale repre-
sents a difference of 10

times in the concentration
of hydrogen ions per liter
of solution. :

Pupils are not expected to
know that the pH number is
the logarithm of the recip-
rocal of the hydrogen ion
concentration.

ad)
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2. Bases

3. Salts
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‘classify it as a base:

Understandings

and Concepts'

. Acids have a sour taste.
The sour taste of many
foods is due to the
presence of naturally-
occurring acids.

Laboratory Expi

. Acids react with carbon-
ates to liberate ¢arbon
dioxide gas.

Properties of beff
shown by use of §
and 5.12.

The properties of a com-
pound may be used tog

. Bases affect the cplor
of acid-base indicators.

. The solution of a base
feels slippery.

. Bases neutralize the
effect of acids. !
|

A salt can be considered as
a product of the neutjraliz-
ing of an acid with a\base.
Most salt compounds are
found in the minerals of
the earth and in sea water,
or are produced by other
chemical reactions.

Compare the color§
bility of severalf

11
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Laboratory Experiences

Supplementary Information

Properties of bases may be
shown by use of CH 5.11 b

and 5.12.

Compare the color and solu-
bility of several salts.

Pupils should not be
allowed to taste labora-
tory acids or other chemi-
cals,

Pupils should be warned
that strong acid solu-
tions are caustic to the
skin.

Bases can also be defined
in a number of ways. In
this syllabus only a def-
inition based on the prop-
erties of bases will be
required.

Pupils should be warned

that strong basic solu-

tions are caustic to the
skin.

Although salts have a
salty taste, many of them
are poisonous, so the
property should not be
tested.

L A LA e e e e e+
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Topical Outline

4. Organic
compounds

C. Mixtures

1. Suspensions

40

Understandings
and Concepts

The properties of salts
vary widely.

Organic compounds are com-

pounds of carbon.

A mixture consists of two
or more distinct sub-
stances differing in prop-
erties and composition.

The composition of a mix-
ture can be varied.

Mixtures may be homoge-
neous {e.g., solutions or
mixtures of gases) or
heterogeneous (e.g., a
mixture of iron and sul-
fur).

Suspensions are mixtures
containing particles of
one substance (usually a
solid) suspended in

another substance (usually

a liquid).

Laboratory Egperieﬂ

The separation of mj
can provide experief
numerous techniques

mixture of salt, pr§
tated chalk, sand, 4
iron filings might If

Microscopic study ol
from a river bed wil
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Laboratory Experiences

The separation of mixtures
can provide experience in
numerous techniques. A
mixture of salt, precipi-
tated chalk, sand, and
iron filings might be used.

Microscopic study of sand
from a river bed will show
some interesting compo-
nents.

Supplementary Information

There are other defi-
nitions of organic com-
pounds which will not be
used in this course.

Organic compounds are
treated more fully in Area

e d

3 and optional Area 4.

In a mixture, as opposed
to a compound, the com-
ponents retain their own
properties,

Suspensions are opaque to
the passage of light. The
particles are visible and
can be removed by filtra-
tion.
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Understandings
Topical Outline and Concepts Laboratory Ex

; A suspension can be made
5 in varying proportions.

2. Solutions A solution is a homoge-
neous mixture.

A solution can be made in
varying proportions.

a. Solute The solute is the sub-
stance which is dissolved.

Solutes vary in their

solubility.

b. Solvent A solvent is the dis-
solving substance.

ta 3
no

ERIC

Aruitoxt provided by Eic:
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Laboratory Experiences

Supplementary Information

Material on solutions
should have been covered
in Bloek J and only a
brief review should be
necessary.

The dissolved particles in
a solution are not vis-
ible, do not interfere
with the passage of light,
do not settle out on
standing, and cannot be
removed by filtration.

The solute may be a solid,
a liquid, or a gas.

In a strict sense, no sub-
stance is absolutely
insoluble.

The solvent may be a
solid, a liquid, or a gas.

The most common solutions
are those in which the
solvent is a liquid.
Solutions referred to in
this syllabus are under-
stood to be solutions in
liquid solvents unless
otherwise specified.

47
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Topical Qutline

3. Colloidal
suspensions
(colloids)

a. Dispersing

medium

Understandings
and Concepts

Solvents vary in their
ability to dissolve sol-
utes.

Water is the most common
solvent.

Tinctures are solutions in
which ethanol is used as
2 solvent.

A colloid is a mixture
containing particles which
are larger than those in a
solution but smaller than
those in a suspension.

Colloids have some proper-
ties of a solution and
some properties of a sus-
pension.

Colloidal suspensions show
the Tyndall effect.

The medium in which the
colloidal particles are
suspended is known as the
dispersing medium,

Laboratory Experie

The difference in s
ity of iodine in wal
in ethanol can be djf
strated. B

See CH 3.46 for thelf
aration of a colloil}

The Tyndall effect f
demonstrated by thef
CH 3.53. ki
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Laboratory Experiences Supplementary Information

Factors affecting solubil-
ity and methods of
expressing concentrations
of solutions are treated
in Area 2.

The difference in solubil-
ity of iodine in water and
in ethanol can be demon-
strated.

See CH 3.46 for the prep-
aration of a colloid.

The Tyndall effect can be Colloidal particles do
demonstrated by the use of interfere with the passage
CH 3.53. of light.

Yy
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Understandings

Topical Qutline and Concepts
b. Dispersed The suspended colloidal
substance particles form the dis-

persed substance.

IV. Reasons for
Similarities and
Dissimilarities

A. Atomic structure An atom is the smallest
particle of an element

: that can exist separately

¢ or enter into combination

with other atoms.

All atoms of the same ele-
ment are chemically alike.

Atoms of different elements
are chemically different.

The atomic mass of an atom
is the relative mass in
comparison to the mass of
the carbon-12 atom, which
is assigned an arbitrary
value of exactly 12 units,
called atomic mass units.

An atom is composed of
protons, neutrons, and
electrons.

The protons and neutrons
are concentrated in the

central part of the atom
called the nucleus. Col-

ERIC

Aruitoxt provided by Eic:
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Laboratory Experiences

Supplementary Information
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IToxt Provided by ERI

This material is treated
in Sections III a-~III Bée
of Block J, and only a
brief review should be
necessary.

An atomic mass unit (amu)
is defined to be 1/12 the
mass of the carbon-12
atom.

The common isotope of
hydrogen contains no neu-
trons.

Although protons and neu-
trons are the only nuclear
particles that have been
identified in an intact
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1. Protons

a. Charge
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Understandings
and Concepts

lectively they are called
nucleons.

An atom consists of a
nucleus in association
with one or more electrons.

For most practical pur-
poses, the entire mass of
an atom may be considered
to be in the nucleus.

Electrons are located out-
side the nucleus and are
distributed in the space
which makes up most of the
atom.

Ve
A proton has a single pos-
itive charge.

16

Laboratory Ej
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Laboratory Experiences

Supplementary Information

Electrical charges can be
demonstrated with charged
rubber or glass rods and
an electroscope borrowed

from the physics labora-
tory.

IToxt Provided by ERI

en
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nucleus, other particles
have been identified among
the break-down products of
certain nuclear disinte-
grations. The relation-
ship of these particles to
the structure and stabil-
ity of the nucleus is the
subject of much current
research and is beyond the
scope of this course.
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b. Mass

d. Atomic
" number

2. Neutrons

a. Charge
b. Mass
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Understandings
and Concepts

A proton has a mass of
approximately one atomic

" _mass unit.

The .symbols used to rep-

‘resent a proton are p, and
Sy, . .
1 '

THe atomic number indicates

the number of protons in

" the nucleus of an atom.

All atoms of the same ele- .
ment contain the same. num-
ber of protons, and hence

" have the same atomic num-
"ber. ‘

Atoms do not gain or lose
protons in any chemical
reaction.

The neutron has no elec-
trical charge."-

The neutron has a mass

similar to that of the pro-
ton. .

17
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Supplementary Information

The actual mzss of the
proton is 1.007267 atomic
mass units.

The atomic number may be
indicated by a subscript
number placed on the left
of the symbol, e.g., 6C.

The atomic number iden- f
tifies the element.

The actual mass of the
neutron is 1.008665 atomic
mass units; that of the
proton is 1.007267 amu.

i
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: Topical Qutline and Concepts Laboratory E
H - 1}
? c. Symbol A symbol often used for a

i .

j neutron is n, or én.
H

!

! d. Mass The mass number of an atom

number is the total of the number
of protons and neutrons in
the nucleus.

e. Number of The number of neutrons in
neutrons a nucleus can be found by
subtracting the atomic
number from the mass num-
ber of the atom.

e T ——— e -

f. Isotopes Isotopes are atoms of the
same element {(therefore
having the same number of
protons) which differ in
the number of neutrons.

ERIC | o 15
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Understandings

and Concepts

A symbol often used for a
neutron is n, or én.

The mass number of an atom
is the total of the number
of protons and neutrons in
the nucieus.

The number of neutrons in
a nucleus can be found by
subtracting the atomic
number from the mass num-
ber of the atom.

Isotopes are atoms of the
same element (therefore
having the same number of
protons) which differ in
the number of neutrons.

ERIC

Aruitoxt provided by Eic:
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Supplementary Information

The mass number may be
indicated by a superscript
number placed on the left
of the symbol, e.g., l2C.

Distinguish between mass
number and atomic mass.

-The mass number indicates

the total of the number of
protons and neutrons of an
atom and is always a whole
number. The atomic mass
of an element is the
weighted average mass of
the naturally occurring
isotopes of that element
and is usually a fractional
number.

Isotopes are usually named
by affixing the mass num-
ber to the name of the
element, as carbon-12. An
exception is frequently
made in naming the three
isotopes of hydrogen. The
most "abundant isotope iH,

is usually referred to as
hydrogen, but has been

@,
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Isotopes of the same ele-
ment are chemically the
same, but differ in mass.

ﬂ' 3. Electrons

a, Charge The electron has a single
negative charge.

b. Mass The mass of an electron is
1/1836 that of a proton.
Electrons do not contrib-
ute significantly to the
total mass of the atom.

c. Symbol The symbols used to repre-
sent an electron are e~
and Ye.

d. Number of In any neutral atom there
electrons are the same number of
electrons as protons.

ERIC
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Supplementary Information

called "protium." The
isotope iH, is frequently

called "deuterium," and iH
is called "tritium."

The atomic mass of an ele-
ment, as given in atomic
"weight" tables, is the
average mass of the natu-
rally occurring isotopes
of the element.

a
1
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Understandings

Topical Outline and Concepts
; e. Energy The electrons are outside
; levels the nucleus at various

energy levels.

In the Bohr model of the Activities f§
atom, electrons are con- models of at¥
: sidered to revolve around may be found

the nucleus in one of sev- 2.08 and in
eral concentric circular ‘
orbits.

The orbits are called
shells, rings, or princi-
pal energy levels and can
be denoted by the letters
K, L, M, N, 0, P, Q, or by
the numbers 1, 2, 3, 4, 5,
6, 7.

Electrons in orbits near
the nucleus have less
energy than those in orbits
farther from the nucleus.

| 56 2
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e electrons are outside
e nucleus at various
ergy levels.

. the Bohr model of the
om, electrons are con-
dered to revolve around
e nucleus in one of sev-
al concentric circular
bits.

ie orbits are called

iells, rings, or princi-

.1 energy levels and can

» denoted by the letters
L, M, N, 0, P, Q, or by

e numbers 1, 2, 3, 4, 5,
7.

.ectrons in orbits near

te nucleus have less

lergy than those in orbits
irther from the nucleus.
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Laboratory Experiences

Activities for illustrating
models of atomic structure
may be found in CH 2.07-
2.08 and in J-25.

Supplementary Information

Teachers should stress
that the Bohr model is one
of several models used to
explain the behavior of
atoms which are too small
to be seen or isolated. A
model represents an
approximation of atomic
structure and does not
picture the actual atom.

It should be pointed out
that the electrons do not
actually travel in regular
circular orbits. Their
actual motion more closely
resembles the random
motion of bees around a
hive. However, the prin-
cipal energy level or
shell represents the
energy associated with a
definite average distance
from the nucleus.

o



Understandings
Topical Outline and Concepts Laboratory
f. Electron There is a maximum number
distribu- of electrons which each
tion orbit can hold.

The first (K) energy level
can hold no more than 2
electrons.

The second (L) energy level
can hold nc more than 8
electrons.

Atoms with atomic numbers
1-20 can have no more than
g 8 electrons in the third
(M) energy level.

g. Excited When atoms absorb energy,
atoms - electrons may shift to
spectral higher energy levels. The
lines atom is then said to be in

the excited state.

The excited state is unsta-
ble, and the electrons fall
back to a lower energy

level.

When elements are suffi- CH 2.17 is %
ciently excited in the dealing wit
vapor phase, they yield lines.

radiant energy in the form

21
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Supplementary Information

CH 2.17 is an activity
dealing with spectral
lines.

Pupils should be able to
use the Bohr model to rep-
resent the probable struc-
ture of atoms and ions and
to indicate electric
charge.

For purposes of examina-
tion, models will be lim-
ited to the first 20 ele-
ments, and the necessary
informasion may be
obtained from Reference

Tables.

Representations of atoms
with numbers greater than
20 are complicated by
exceptions to the simple
rules stated.

The use of spectroscopy in
identifying elements is
treated in optional Area
8.

09
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Topical Outline

h. Valence
electrons

B. Bonding

60

Understandings i
and Concepts Laboratory Expj

of characteristic spectral
lines which can identify
the element.

The electrons in the out-
ermost shell of an atom are
called the valence elec-
trons.

The valence shell of an
atom is complete with 8
electrons. (The K-shell,
which is complete with 2
electrons, is an excep-
tion.)

The chemical behavior of
an element depends largely
on the number of valence
electrons.

Atoms with incomplete
valence shells tend to com-
bine with other atoms to
complete th2ir valence
shells.

Atoms may achieve a com-
plete valence shell by
losing, gaining, or shar-
ing electrons,

The number of electrons Pupils can use §
transferred or shared board or other [§
between atoms is such that rial to show ho§
each atom acquires a can be transfe

22
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Pupils can use the felt

board or other model mate-
rial to show how electrons
can be transferred to form

Supplementary Information

Stress the peculiar sta-
bility of a complete
valence shell.

The number of electrons
transferred or shared
between atoms in forming
compounds determines the
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and Concepts

complete valence shell.

Laboratory Ez

compounds and§§
"transfer numif§
dation number §
Directions foi}
ing a felt bod
on p. 354 of
Handbook.

Elements may be classified
according to their ten-
dency to lose, gain, or
share electrons in combin-
ing with other elements.

Metals tend to lose elec-
other elements,

In general, atoms with 1,
2, or 3 valence electrons
tend to lose electrons and
are classified as metals.

When an atom loses elec-
trons, the resulting par-
ticle is no longer elec-
trically neutral but has
an excess positive charge. =
Such a particle is called CH 8.08 shows t§
a positive ion.

form positive i§

23
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compounds and relate the
"transfer number" to oxi-
dation number values.
Directions for construct-
ing a felt board are found
on p. 354 of the Chemistry
Handbook.

CH 8.08 shows that metals
form positive ions.

Supplementary Information

oxidation state of the
atoms in the compound.
Have pupils refer to the
oxidation states listed
in the Reference Tables.

Teachers should introduce
formula writing at this
point. Review the writing
of formulas as covered in
Section IV of Block J.

The quantitative signifi-

eance of jormulas will be

treated in Area 2, Section
iTr C.

The positive charge on a

metal ion is equal to the
number of electrons lost.
Thus, sodium with one

- valence electron forms a

+1 ion, and calcium with
two valence electrons
forms a +2 ion. The

65
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The relatively ' free"
electrons of metallic
atoms account for several
properties of metals such
as electrical conductiv-
ity and luster.

Nonwmetals tend to gain Display a nuiber offf
electrons when combining compounds labeled w[g
with metals or to share their formulas. Sof
electrons when combining compounds on the baj
with other nonmetals. those containing ong

metals and both meg

24
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Supplementary Information

Display a number of binary
compournids labeled with
their formulas. Sort the
compounds on the basis of
those containing only non-
metals and both metals

oxidation number of a
metal ion is equal to the
charge on the ion.

A metal consists of an
arrangement of positive
ions which are located at
the crystal lattice sites
and immersed in a "sea' of
mobile electrons. These
mobile electrons can be
considered as belonging to
the whole crystal rather
than to individual atoms.

As light strikes the sur-
face of the metai, it
affects the mobile elec-
trons. The net result is
that the electrons in
"reflecting back'" the
light cause a lustrous
appearance.

The mobile electrons are
responsible for the
ability of the metallic
solid to conduct electric-
ity.
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Topical Outline

Understandings
and Concepts

In general, atoms with 5,
6, or 7 valence electrons
are classified as non-
metals.

When a nonmetal atom gains
electrons it becomes a
negative iomn.

Atoms with complete valence
shells are classified as
inert elements since they
seldom enter into any
chemical action.

Laboratory Exper;

and nonmetals.

Use the conductivg
aqueous metallic 3
tions to illustrag
presence of ions.J§

Display neon, kryjH
argon light bulbs§
color of the ligh®
by the bulb is ond
identifying the g%

Pupils who like td§
library research 1§
enjoy reading abol
discovery of the 1§
gases.
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Supplementary Information

and nonmetals.

Use the conduntivity of
aqueous metallic salt solu-
tions to illustrate the
presence of ionms.

Display neon, krypton, and
argon light bulbs. The
color of the light emitted
by the bulb is one way of
identifying the gas.

Pupils who like to do
library research might
enjoy reading about the
discovery of the noble
gases.

It is recommended that
films be used to show
reactions involving non-
metals other than oxygen.
The poisonous nature of
the elements or their
products makes them gen-
erally unsuitavle for
pupil use in this course.

The negative charge on a
noumetal jon is equal to
the number of electrons
gained. The oxidation
number is equal to the
charge on the ion.

Other names for the inert
gases are noble gases or
rare gases,

The term, inert, is no
ionger strictly applicable
to these elements since it
has been possible to form
compounds of krypton,
xenon, and radon with
fluorine and oxygen.
ever,

How-
the term is still in

eV
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Supplementary Information

general use, and the elec-
tron configuration is
quite generally referred
to as the "inert gas
structure."

The electrons shared in a
covalent bond are con-
sidered as occupying the
valence shells of both
atoms.

Chlorine atoms, with 7
valence electrons, can
complete their valence
shells by sharing one pair
of electrons with another
atom; nitrogen atoms, with
5 valence electrons, must
share 3 pairs of electrons
in order to complete the
valence shell.

The oxidation numbers
assigned to atoms sharing
electrons are governed by
arbitrary rules. Pupils
will not be required to
learn these rules. How-
ever, for purposes of
formula writing the
following generalizations
are useful: (1) atoms of
uncombined elements are
assigned an oxidation
number of 0; (2) in binary

69
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a. Nonpolar
bonds

b. Polar
bonds

79

Understandings

and Concepts

When two atoms of the

same element share elec-
trons, the electrons are
shared equally between the
two atoms, forming a non-
polar covalent bond.

When two atoms of different
elements share electrons,
the shared electrons may
be more strongly attracted
to one of the atoms. As a
result, one end of the
bond may be somewhat more
negative than the other.
Such a bond is called a
polar covalent bond.

27
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compounds of nonmetals,
the oxidation number of
each atom represents the
number of shared elec-
trons, with the more elec-
tronegative element
assigned a negative oxi-
dation number and the less
electronegative element a
positive oxidation number.

Since oxygen is a strongly
electronegative element
(second only to fluorine),
oxygen has an oxidation
number of -2 in most
oxides.

Most uncombined nonmetallic
elements achieve the sta-
bility of a complete
valence shell by nonpolar
covalent bonding.

The measure of the ability
of an element to attract
shared electrons is known
as its electronegativity.

Pupils should be able to use
an electronegativity table
to predict the nature of a
bond. Assume that an elec-
tronegativity difference of
1.7 or greater indicates an
tonic bond.

71
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Topical Outline

c. Molecules

72

Understandings
and Concepts

A molecule may be defined
as the smallest particle
of any substance that can
exist free and still
exhibit all of the prop-
erties of the original
substance.

When a molecule contains
atoms of different ele-
ments, the number of each
kind of atom is such that
every atom attains a -om-
plete valence shell.

A molecule in which the
electrons are evenly dis-
tributed is said to be a

nonpolar molecule.

28
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Supplementary Information

Nonmetailic elements that
are gases at room tempera-
ture have diatomic mole-
cules.

When carbon, needing 4
valence electrons, com-
bines with hydrogen,
needing 1 valence elec-
tron, one carbon atom can
share one pair of elec-
trons with each of four
hydrogen atoms to form a
molecule having the
formula CHu' When carbon

combines with oxygen,
which needs 2 valence
electrons, one carbon atom
can combine with two oxy-
gen atoms to form a mole-
cule having the formula
Co .

2

A molecule may be nonpolar
(1) if the bonds in the
molecule are nonpolar, or
(2) if the geometry of the
molecule results in a sym-
metrical arrangement of
polar bonds. A molecule

. 0f an element is nonpolar,

since only nonpolar bonds
are present; a molecule of
methane, CHq, is nonpolar

73
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d. Forces
between
molecules

74

Understandings

and Concepts

A molecule in which the
electron density is
greater a”- one end of the
molecule than the other
is said to be a polar
molecule, or a dipole.

In general, the forces of
attraction between mole-
cules are weak forces.

The attractive forces
between molecules
increase as the size of
the molecules increases.

The attractive forces
between polar molecules
are greater than between
nonpolar meolecules of
comparable size.

The properties of cova-
lent substances depend on
the attractive forces
between the individual

29
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Supplementary Information

because of the symmetrical
arrangement of the polar
carbon-hydrogen bonds
around the carbon atom.

A diatomic molecule com-
posed of two unlike atoms
is polar. For example,
the hydrogen chloride
molecule, HC1l, is polar.
Water is an example of a
polar molecule containing
more than two atoms.

While the covalent bonds
holding the atoms together
to form the molecule may
be strong, the attractive
forces between the mole-
cules are relatively weak.
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e. Properties
of covalent
substances

(1) Melting
and
boiling
points

(2) Conduc-
tivity

(3) Solu-
bility

76

Understandings
and Concepts

molecules.

Covalent substances gen-
erally have low melting
and boiling points.

Covalent substances gen-
eraily are poor conduc-
tors of electricity.

Nonpolar substances tend
to dissolve in nonpolar
solvents,

30
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Illustrate the low melting
point of paraffin wax by
heating the wax on a water
bath. Compare the results
with those obtained when
an ionic substance is
heated in a similar manner.

Show that sulfur does not
have any mobile electrons
or ions by using the con-
ductivity test.

Compare the solubilities
of iodine and sodium
chloride crystals in polar
water and nonpolar benzene.

Supplementary Information

Covalent substances exist
as gases, liquids, or low
melting point solids at
room temperature.

Covalent substances lack
ions or mobile electrons
needed to conduct elec-
tricity. The valence

electrons are ''tied up" in

covalent bonds.

It should he pointed out
that acids in water solu-
tion react with water
molecules to produce ions.
Thus water solutions of
acids will conduct an
electrical current.

Organic solvents in gen-
eral are nonpolar,
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2. Tonic bonding

a. Structure
of ionic
compounds
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Understandings

and Concepts

Laboratory Experé

Polar substances tend to
dissolve in polar solvents.

when metal atoms, which
lose electrons readily,
react with nonmetal atoms
with a strong tendency to
gain electrons, the valence
electrons of the metal
atoms may be transferred
completelv to nonmetal
atoms. The electrostatic
attraction between the
oppositely charged ions so
formed is called an ionic
bond.

The electrostatic forces Some pupils might |
between oppositely charged build a styrofoamf
ions are sufficiently model of a sodium
strong to hold the ions in crystal. Directid®
relatively fixed sites, be found in most
forming a crystal lattice. manuals.

31
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Supplementary Information

Some pupils might like to
build a styrofoam ball
model of a sodium chloride
crystal. Directions can

be found in most laboratory
manuals.

Benzene should be used
only under the hood since
its vapors are toxic and
flammable.

Water is the most common
polar solvent.

A general rule of solubil-
ity is "like dissolves
like."”

The salt cube model can be
quickly drawn on the
blackboard to illustrate
lattice sites.

In an iomic crystal there
are no discrete neutral
units that could be called
molecules.

79
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b. Properties
of ionic
compounds

(1) Melting
and
boiling
points

(2) Conduc-
tivity

(3) Solu-
bility

80

Understandings
and Concepts

Ionic compounds have high
melting and boiling
points, and are solids at
room temperature.

in the solid phase, ionic
compounds are poor con-
ductors of electricity.

Electrical conductivity
can occur only after the
destruction of the lattice
structure of an ionic
solid and the release of
the ions. Melting, and
dissolving the crystal in
water are ways of destroy-
ing the lattice structure,

In general, ionic com-
pounds tend to dissolve

in polar solvents and are
insoluble in nonpolar sol-
vents.

O
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Supplementary Information

That sodium chloride and
other ionic crystals can-
not be easily melted in
the laboratory is an indi-
rect indication of their
high melting and boiling
points.

Test the electrical con-
ductivity of hypo (sodium
thiosulfate) crystals in
the solid, "melted," and
dissolved form. While
the "melted form'" is not a
true liquid phase, it can
be used as an analogy for
compounds with melting
points too high to be
obtained easily or safely
in the laboratory.

Use small round magnets to
represent the "dipole"
action of water in pulling
thumbtack "ions" from

some prearranged order.

The high melting and
boiling points of ionic
compounds are due to the
strength of the ionic
bonds and the high energy
required to permit ions
to escape from the crys-
tal lattice.

Electrostatic forces
between the dipole solvent
molecules arid the ions of
the crystalline solid
result in the weakening of
the lattice structure, and
ions are pulied from their
sites.

81
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V. Periodic Table

A. Purpose

B. Arrangement
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Understandings
and Concepts

The degree of solubility
of a substance depends
upon the solvent's ability
to pull ions from the lat-
tice structure.

Water is the most common
solvent for ionic sub-
stances.

The periodic table is used
to organize and classify a
large body of information
about the elements.

The similarities and dis-
similarities of properties
are the basis for classi-
fying substances.

In the present form of the
periodic table, the ele-
ments are arranged on the
basis of atomic number.

33

Laboratoij

Derive a 14
"strip" of
A 1.02 in tk

Finding othd
for the per§
makes an intj
assignment 1
use of the
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Laboratory Experiences

Derive a long form from a
"strip'" of elements. See
A 1.02 in the appendix.

Finding other arrangements
for the periodic table
makes an interesting
assignment requiring the
use of the library.

Supplementary Information

By learning how to use and
interpret the periodic
table, one can avoid mem-
orizing a great mass of
details.

Early periodic tables
based upon atomic "weights"
led to predictions of
properties of elements

that were not known at the
time. These predictions
led to the discovery of
many elements.




Topical Outline

C. Properties

84

Understandings

and Concepts

The horizontal rows of the
periodic table are called
periods or rows.

The vertical columns of
the periodic table are
called groups or families.

The properties of the ele-
ments depend on the struc-
ture of the atom and vary
with the atomic number in
a systematic way.

The properties of elements
change systematically
through a period.

The elements of a group
exhibit similar or related
properties.

Metallic properties are
most pronounced in those
elements on the left-hand
side of the periodic
table; nonmetallic, in the
upper right-hand side. .

Laboratory Experie:

Appropriate activit
based upon the peri
table can be found
tions 1, 2, and 3 o
2.22 (Melting point
boiling points and
ties}.

Generalizations basy
the periodic table §
listed in CH 2.21.

34
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Laboratory Experiences

Supplementary Information

Appropriate activities
based upon the periodic
table can be found in Sec-
tions 1, 2, and 3 of CH
2.22 (Melting points,
boiling points and densi-
ties).

Generalizations based upon
the pericdic table are
Iisted in CH 2.21,

Pupils will be expected to
know that metals in groups
on the extrzme left of the
table, wher combined with
nonmetals on the right,
tend to form ionic com-
pounds. Likewise, they
will be expected to antic-
ipate that elements rela-
tively "near" each other
on the table tend to form
covalent bonds.
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1. Metals

2. Nonmetals

(D)

Understandings

and Concepts

Generally, the larger the
atom of a metal, the less
firmly it holds its
valence electrons, and the
more active it is.

Generally, the smaller the
atom of a nonmetal, the
more strongly it attracts
electrons and the more
"electronegative' it is.

Generally, the smaller the
nonmetallic atom is, the
more active it is.

Generally, the fewer the
electrons needed to com-
plete the valence shell of
a nonmetal, the more
active the nonmetallic
atom is.

35

Laboratory Experienc

The activity series of
metals can be develop§
the use of CH 8.09.
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Laboratory Experiences

The activity series of
metals can be developed by
the use of CH 8.09.

Supplementary Information

While some general predic-
tions regarding the activ-
ity of a metal can be made
on the basis of its posi-
tion in the periodic
table, factors other than
the atomic size and number
of valence electrons
result in many exceptions.
Pupils should refer to the
Electromotive Series in
the Reference Tables to
find the relative activity
of metals,
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AREA 2 - THE PREPARATION AND SEPARATION Op

Pupils should have a wide latitude of laboratoryf
ing a variety of techniques. Area 2 adapts itsef
oratory approach so there may be more activities}
done in the allotted time. Teachers should sele}
iences that are most suitable to their teaching §

Understandings
‘ Topical Qutline and Concepts Laboratory Ef
] .
: I. Preparation of Substances may be made by
Substances chemical reactions.
A. Energy and
i reactions
1. Activation A reaction requires "start- Activation erf§
energy ing energy" called activa- illustrated i
tion energy. of wood. Thq
to reach the §
perature is 3
activation e
: 2. Exothermic When energy is released Burning wood §
; reactions during any reaction, the examples of ¢
reaction is said to be reactions prd
exothermic. and light. §

Activities tHff
to show exotl§
tions are 1i
‘ 1.25-b. A 1¥
| or candle wijg
i trate an exof
tion. |

| N 36
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THE PREPARATION AND SEPARATION OF SUBSTANCES

techniques.

itted time.

ve a wide latitude of laboratory experiences requir-
Area 2 adapts itself well to the lab-
so there may be more activities listed than can be
Teachers should select laboratory exper-
hnost suitabtie to their teaching situations.

[standings

[..Ol’lceEtS

may be made by
leactions.

Prequires "start-
' called activa-
.

y is released
reaction, the
ls said to be

Laboratory Experiences

Activation energy may be
illustrated by the burning
of wood. The energy needed
to reach the kindling tem-
perature is an example of
activation energy.

Burning wood or carbon are
examples of exothermic
reactions producing heat
and light.

Activities that can be used
to show exothermic reac-
tions are listed in CH
1.25-b. A lighted burner
or candle will also illus-
trate an exothermic reac-"
tion.

Supplementary Information

The energy released during
an exothermic reaction may
be in the form of heat,
light, and/or electrical
energy.
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Understandings !
Topical Outline and Concepts Laboratory Ef

CH 1.22-b sho
energy result$
ical action. §
0-6 volt voltmg

lamp.
3. Endothermic Reactions requiring the Endothermic rg
y reactions continued application of be illustrated
[ energy are called endo- electrolysis
thermic reactions. by CH 1.24.

4. Heat of The energy released or

4 formation absorbed during the forma-
o tion of a compound from

3y its elements is known as
the heat of formation of
the compound.

When energy is released
during the formation of a
compound from its elements,
the compound is said to
have a negative heat of

¢ formation. The greater

5 the amount of energy
released, the more stable
the compound.

When energy is absorbed
during the formation of a

] compound from its elements,
. . the compound is said to

ERIC | 90 57
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g Understandings

and Concepts Laboratory Experiences

Supplementary Information

CH 1.22-b shows electrical

ical action. Substitute a
0-6 volt voltmeter for the
lamp.

Endothermic reactions can
be illustrated by the
electrolysis of water and
by CH 1.24.

ftions requiring the
inued application of
fgy are called endo-
fnic reactions.

genergy released or
rbed during the forma-
§ of a compound from
gelements is known as
eat of formation of
zompound .

energy is released

g the formation of a
pund from its elements,
compound is said to

a negative heat of
htion. The greatex
hmount of energy

nsed, the more stable
ompound.

energy is absorbed
ng the formation of a .
pund from its elements,
compound is said to

IToxt Provided by ERI

energy resulting from chen-

If CH 1.24-a is used, the
decomposition of mercuric
oxide should be carried
out in a fume hood, pref-
erably as a teacher dem-
onstration. Both mercury
and mercury vapor are

extremely toxic.

Refer pupils to the Refer-
ence Tdbles for some heats
of formation. Other
values of heats of forma-
tion can be found in text-
book tables.
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Topical Cutline

B. Types of
reactions

1. Direct union
or synthesis

2. Exchange of
ions

Understandings
and Concepts

|
%E
|
|
1
|
|
|

have a positive heat of
formation., The greater
the amount of energy

absorbed, the less stable
the compound.

Elements may combine to
form a compound by a reglc-
tion called Jirect uniorn
or synthesis.

Two compounds may react {to
form a single compound. !

Two ionic compounds in
aqueous solution may inter-
act by exchanging ions.

A reaction will occur only
if at least one of the pro-
ducts is a precipitate, a
gas, or water.

38

Laboratory Exp§

Burning carbon @
can be used to

direct union red
Pupils should ndg
directly at burrg
sium. :

The slaking of B
reaction betweerg
and hydrogen chif
gases can be usgy
two compounds ur
form another coif
Use the fume hodg
case.

An activity invcg
interaction betw§
pounds in aqueoug
is listed in A 28
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and Concepts
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as, or water.
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Laboratory Experiences

Supplementary Information

Burning carbon or magnesium
can be used to illustrate a
direct union reaction.
Pupils should not look
directly at burning magne-
sium.

The slaking of lime or the
reaction between ammonia
and hydrogen chloride

gases can be used to show
two compounds uniting to
form another compound.

Use the fume hood in either
case.

An activity involving the
interaction between com-
pounds in aqueous solutions
is listed in A 2.01.

38

Synthesis can also mean a
series of reactions which
eventually results in the
formation of a desired
substance.

During the slaking of
lime, spattering may
occur. USE CAUTION.

Pupile should be gble to
use solubility tables to
predict the formation of
precipitates or to iden-
tify a precipitate.
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Topical Outline

3. Single
replacement

4. Decomposition

Understandings

and Concepts

If no reaction occurs when
two aqueous solutions are
mixed, a state of equilib-
rium exists.

An element may replace a
less active element in a
compound. The reaction is
called a single replace-
ment.

A reaction in which a com-
pound is broken up to form
two or more simpler sub-
stances is called a decom-
position.

Binary compounds (compounds
composed of only two ele-
ments) may be decomposed
to free the two elements.

Most laboratog
list exerciscy
single replacy
tions. y

Activities in}§
decompositionf
compounds werf§
in Section I §
Area.

The electrolyg
chloride solu

carried out ig
using carbon §
Do not operatQ
long enough t§
ible amounts §
Pupils will b}
detect the sm§
of Cl, by the

odor. '
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rstandings
Concepts Laboratory Experiences Supplementary Information

‘tion occurs when
s solutions are
tate of equilib-

S.
may replace a Most laboratory manuals The relative activities of
e element in a list exercises involving the metals and of the hal-
The reaction is single replacement reac- ogens is given in the
ingle replace- tions, Electromotive Series in
the Reference Tables.
in which a com- Most decomposition reac-
roken up to form tions are endothermic.
i simpler sub- The energy is generally
called a decom- supplied in the form of
heat or electrical energy.
pounds (compounds Activities involving the Most binary compounds are
f only two ele- decomposition of binary quite stable to decomposi-
be decomposed compounds were indicated tion by heat. Binary
e two elements. in Section I A 3 of this ionic compounds may be

Area. decomposed by electrolysis
in the liquid phase or in
The electrolysis of copper aqueous solution. The

chloride solution may be very active metals may be

] carried out in a U-tube produced by electrolysis
using carbon electrodes. of their fused (melted)
Do not operate the cell compounds only.

long enough to collect vis-
ible amounts of chlorine.
Pupils will be able to
detect the small quantity
of Cl, by the "Clorox"
odor.
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Understandings
and Concepts

Some compounds can be
decomposed into two or
f more compounds.

LMany reactions involve a
gain of electrons by one
species and a loss of
electrons by another.

Laboratory Experiences

Pupils should learn
through laboratory experi-
ence that during the elec-
trolysis of a binary com-
pound, the metal is formed
at the negative electrode
and the nonmetal at the
positive.

Copper (II) carbonate can
readily be decomposed by
heat to give copper oxides

and CO .
2

A 2.02 describes the decom-
position of calcium car-
bonate.

As an aid to understanding
oxidation, reduction, and
redox reactions, pupils can
Y"transfer" electrons by
using models such as are
listed in CH 1.18, CH 2.07,
and CH 2.08. -

40

Supplementary Information

A metal carbonate —EESF a
metal oxide + COZ.

A metal chlorate _HEE; a

metal chloride + oxygen.

Because of their explosive
ature, the decomposition

of ‘chlorates is not rec-~

ommended as a laboratory

activity.

(o
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Understandings
i Topical Cutline and Concepts Laboratory
[
; a. Oxidation Oxidation is defined as

the loss of electrons by
an atom or ion.

e

ey

To release nonmetals from
ionic compounds, the non-
metal ion must undergo
oxidation.

Metals are oxidized to
metal ions in combining
with nonmetals.

it

b. Reduction Reduction is defined as a
gain of electrons by an
atom or ion.

Nonmetals are reduced to
nonmetal ions in combin-
ing with metals.

To release metals from

their compounds, the metal
ion must be reduced.

41
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Understandings
and Concepts
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Laboratory Experiences

Supplementary Information

Originally the term ''oxi-
dation" was #pplied only
to reactions involving
combination with oxygen.
Because of the high elec-
tronegativity of oxygen,
elements combining with it
appear to lose electrons
to the oxygen. It has
been found useful to
expand the definition of
oxidation to include any
loss of electrons.

Nonmetals tend to gain
electrons in forming ionic
compounds with metals. To
decompose the compound
into its =lements, the
nonmetal ion must lose the
electrons it has gained.

(L
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Topical Qutline

c. Redox
reactions

III. Quantitative
Relationships

A. Mole
concept

102

Understandings
and Concepts

A reaction invelving oxi-
detion and reduction is
called a redox reaction.
Oxidation must be accom-
panied by reduction.

The mole is a convenient
unit for use with large

numbers of small particles.

A mole is 6.02 x 1023
particles.

Laboratory E

Use the elect
copper chlorid
to illustrate §
reaction. O0x
occur st the |
and reduction §
tive pole.

Compare the we
ream of light
with a ream o
as a convenie
comparing the
individual sh



Understandings

and Concepts

A reaction involving oxi-
dation and reduction is
called a redox reaction.
Oxidation must be accom-
panied by reductiomn.

The mole is a convenient
unit for use with large
numbers of small particles.

A mole is 6.02 x 1023
particles.

O
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Laboratory Experiences

Use the electrolysis of
copper chloride solution
to illustrate a redox
reaction. Oxidation will
occur at the positive pole
and reduction at the nega-
tive pole.

Compare the weight of a
ream of light weight paper
with a ream of heavy bond
as a convenient method of
comparing the weights of

individual sheets of paper.

Supplementary Information

Oxidation and reduction
occur simultaneously; one
cannot occur without the
other.

Pupils will be required to
recognize redox reactions
only in cases of direct
union of elements, decom-
position of binary com-
pounds, and single
replacement reactions.

Small particles such as
atoms, molecules, ions,
electrons, etc., cannot be
isolated, weighed, or
counted as individual
units. For practical pur-
poses it is necessary to
work with large numbers of
these particles. If the
same number of particles
is taken as a group
{unit), comparison of
groups will show the same
ratios as comparisons of
individual particles.

101
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Topical Outline

B. Chemical
shorthand

1. Symbols

2. Formulas

3. Equations

Understandings

and Concepts

A chemical symbol repre-
sents one atom of an ele-
ment or one mole of atoms
of the element.

A formula is composed of
symbols and subscripts and
indicates the composition
of a substance. A formula
also represents one mole
of the substance.

An equation consists of
formulas which indicate
the reactants anG products
of a chemical reaction.

Laboratory Expe

Point out the ne¢
carefully reading
mulas on reagent
by using A 2.03.

Sugg:stions for a
CH 1.17 for pupil
during formula wr
be found in A 2.0

43
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Laboratory Experiences

Supplementary Information

Point out the need for
carefully reading the for-
mulas on reagent bottles
by using A 2.03.

Suggestions for adapting
CH 1.17 for pupil's use
during formula writing can
be found in A 2.04.

Illustrations using other
number units familiar

to the pupil, such as a
dozen eggs or a ream of
paper, may help to clarify
the mole concept.

The formula of a molecular
substance represents the
atoms forming the mole-
cule and is called a
molecular formula.

The formula of an ionic
compound represents the
ratio of the elements
present and is called an
empirical formula.

Pupils will not be
required to distinguish
between molecular and
empirical formulas.
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a. Conserva-
tion of
mass

b. Balancing
equations

c. Writing
equations

d. Redox
equations

104

Understandings
and Concepts

Mass is conserved during a
chemical reaction.

To indicate that mass is
conserved, an equation is
balanced by the use of

appropriate coefficients.

The formulas of the reac-
tants are shown on the

left of the arrow or equal
sign and those of products
on the right. Balance the
equation by inserting coef-
ficients that will result
in conservation of mass.

In a redox reaction there
is an oxidation and a
reduction. Separate half-
reaction equations may be
written to show the gain
and loss of electrons.

44

Laboratory |

Compare the §
mass as expg
equation, §

chrog + l':;

2KNO3 + Pbcf
with CH 1.2%

Adapting CH §
use in writ$}
can be done §
similar to
found in A

The felt bodf
effective t
for the preq
equation wri8
CH 1.18.
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Laboratory Experiences

Compare the conservation of

mass as expressed in the
equation,
KzCI‘Oq + Pb(NOg)z >

2KNO3 + PbCrOy,
with CH 1.23.

Adapting CH 1.18 for pupil
use in writing equations
can be done in a manner
similar to the adaptations
found in A 2.04.

The felt board is a very
effective teaching device
for the presentation of
equation writing. See
CH 1.18.

Supplementary Information

Although equation writing
18 listed as a separate
section, teachers should
feel free to introduce
equation writing at any
point in the course.

Pupils should be able to
write simple reduction and
oxidation equations to
show the gain or loss of
electrons. In writing
simple reduction and oxi-
dation equations, pupils
should show the electrons
as a reactant in reduc*ion
and as a product in ox.da-
tion.

105
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Topical Outline

C. Mass rela-
tionships

1. From
symbols

106

Understandings
and Concepts Laboratory Experien

Atomic mass is the mass of
one atom of an element
measured in atomic mass:

units.

Gram atomic mass is the Compare the ability
mass of one mole of atoms balance scale to mea
of an element measured in the mass of 1 grain }
grams. sand and the mass o

tablespoon or scoop
sand. Relate the si
to atomic mass and gff
- atomic mass.
The atomic mass in amu is
numerically equal to the
gram atomic mass in grams.

45
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Laboratory Experiences

Compare the ability of a
balance scale to measure
the mass of 1 grain of

sand and the mass of a
tablespoon or scoopful of
sand. Relate the situation
to atomic mass and gram
atomic mass.

Supplementary Information

For example, the equation
for the conmbination of
magnesium and chlorine,

Mg + Cl1, - MgCl,,

can be written as an oxi-
dation half-reaction,

Mgl - Mg*? + 2e”

and a reduction half-reac-
tion,

0
Cl, + 2¢~ =+ 2C1°

The basis for relative
atomic mass and the defini-
tion of an atomic mass

unit weve treated in Area
I, Seciion IV A.

1 amu x (6.02 x 1023) =
1 gram. The number in a
mole (6.02 x 1023) was
chosen to provide this
relationship.

Chemists prefer to use the
gram atomic mass since it
can be measured on labora-
tory scales.

Pupils may round off atomic

masses to the nearest whole
number for the solution of

107
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a. Mole mass

b. Percentage
composition

Understandings :
and Concepts Laboratory Experf

The mole mass ofl|a sub-
stance is the mass in grams
of one mole of the sub-
stance.

The mole mass camn be cal-
culated from theformula
by adding the grgm atomic
masses represented by the
symbols making up the

formula.

The number of mocles in a Find the number d
given sample of i sub- in given samples §
stance can be calculated stances such as §
by dividing the fass of chunks, galena p#
the sample by th¢ mole a "pile" of coppg
mass of the substance. crystals. i

The percentage composition Most laboratory &
of a compound can be deter- include exercise$
mined experimentally or the percentage cd
~calculated from its of a compound caf
formula. mined experimentg

46
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the mass in grams

Laboratory Experiences

‘Find the number of moles

in given samples of sub-
stances such as calcite
chunks, galena pieces, or
a '"pile'" of copper sulfate
crystals.

Most laboratory manuals
include exercises in which
the percentage composition

of a compound can be deter-

mined experimentally.

Supplementary Information

problems.

The mole mass of a molec-
ular substance is some-
times called the gram
molecular mass. The mole
mass of an ionic substance
is sometimes called the
gram formula mass. Since
the term "mole mass"
applies to both, it is not
necessary for pupils to
distinguish between them.

Sample problem:

How many moles are there
in 200 grams of calcite
{CaC03)?

Solution:

Mole mass of CaCOsz (from
formula) = 100g.

1 mole CaCOjg
100g. CaCO,

= 2 moles CaCOj3

200g. CaCOj3 x

109



¢ Understandings
2 Topical Qutline and Concepts Laboratory Expé
L The percentage composition Some examples o#
of a compound can be cal-
culated from the ratio of a. Calculate
; the mass of the element water (Ho(
I represented in the formula
i to the mole mass of the Solution:
il compound, or
“ A Mass of hyl
mass of the element x 100% Mass of ox
mole mass of the compound Mole mass

% hydrogen

o

% oxygen

b. Find the p
mass in gy

Solution:

Mole mass o
Total mass

119
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Laboratory Experiences Supplementary Information

can be cal-

Be element water (H00).
§ the formula
Bss of the Solution:

Mass of hydrogen, 2 x 1.0g.
Mass of oxygen, 1 x lég.
Mole mass of water

x 100%

mass of hydrogen
mole mass of water

% hydrogen =

- 2:08. x 100%
18g.
= 11%

[*)

mass of oxygen

° oXygen = mole mass of water
_ leg. o
= 18g- x 100%
= 89%

mass in gypsum (CaSOy*2H,0).
Solution:

Mole mass of gypsum
Total mass of water in formula

47 111

composition Some examples of percentage problems are:

he ratio of a. Calculate the percentage composition by mass of

x 100%

x 100%

b. Find the percentage of water of hydration by

172g.
36g.

I,
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Topical Qutline

3. From
equations

Understandings
and Concepts

The reactants and products
of a reaction are in a
definite mole ratio.

The relative numbers of
moles of reactants and
products are indicated by
the coefficients of the
formulas represented in a
balanced equation.

It is possible to predict
the mass of a product that
will be formed from a

specific mass of reactant.

The mass of a reactant
needed to combine with a
specific mass of another
reactant to make a speci-
fied mass of a product can
also be calculated.

Laboratory E;perie.}

The combining mole
is shown by A 2.05.

% water

Sample problem:

How many grams off
produce 350 gramsH
solution is:

2NaCl - 2Na + Cj

Step 1: Change y 

350g. Cl,y x
Step 2: From molf
5 moles Ci, x-i

Step 3: Change

10 moles NaCl ;
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Laboratory Experiences Supplementary Information

total mass of water
mole mass of gypsum

% water x 100%

_ _36g.
T72g . x 100%

= 21%

The combining mole ratio
is shown by A 2.05.

Sample problem:

How many grams of sodium chloride are needed to
produce 350 grams of chlorine gas? One method of
solution is:

2NaCl - 2Na + Clp

Step 1: Change problem data to moles:

1 mole Cl,

SSOg. C12 X m

= 5 moles Cl,

Step 2: From moles of Cl, calculsate moles of NaCl
from mole rati® in equation:

2 moles NaCl

—ifaﬁﬁ};jiiz— = 10 moles NaCl

5 moles Clp X

Step 3: Change moles NaCl to grams

8g. NaCl

10 moles NaCl x 1 mole NaCi

= 580g. NaCl



Understandings ,
Topical Outline and Concepts Laboratory §

Students §
matical

in one eg
Mass of
350g. @
D. Volume rela- Equal volumes of gases Mole~-volume §
tionships under the same conditions apply only §
of temperature and pres- phase. 3
sure contain an equal num-
ber of particles.
- 1. Mole volume A mole of any gas contains
: 6.02 x 1023 particles.
E Therefore a mole of any
: gas will have the same
volume as a mole of any
other gas at the same tem-
perature and pressure,
The volume of a mole of
gas at S.T.P., is 22.4
liters.
2. Combining In a reaction involving Sample pj
volumes gases, the coefficients in /|
the balanced equation In the r§
indicate the volume ratios volume oy
of the gases in the reac- NHj.
tion.
114
49




Laboratory Experiences Supplementary Information

Students who are sufficiently proficient in mathe-
matical manipulations can combine the three steps
in one equation:

Mass of NaCl needed =

1 mole Clo x 2 moles NaCl . 58g. NaCl
70g. Clo 1 mole Cl, 1 mole NaCl

350g. Cl, x

= 580g. NaCl

Mole-volume relationships
apply only to the gaseous
phase.

gof any gas contains
§1023 particles.

Bre a mole of any

41 have the same

as a mole of any
¥:s at the same tem-
e and pressure.
Bume of a mole of

§ S.T.P. is 22.4

feaction involving Sample problem: |
the coefficients in

lanced equation In the reaction N, + 3Hp ~ 2NH3, calculate the

te the volume ratios volume of hydrogen required to form 100 liters of

gases in the reac- NH3.

49
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Topical Outline

Understandings

and Concepts Laboratory Experiencd
Solution:
Equation:

N, + 3H, - 2NH

Mole ratio:
1 3 2

When reacting gases
pressure, the volumr
ratio.

Since the mole rati
volumes of the gase

Therefore:
volume of - mol
Hp needed 'molf

[}
 ——

1]
-
[
o

An alternate soluti

From the equation,

X liters - 100 1
3 moles 2 mo!

(150 liters of H

50
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Laboratory Experiences Supplementary Information

Solution:
Equation:

N, + 3H, -+ 2NHj3

Mole ratio:
1 3 2
When reacting gases are at the same temperature and

pressure, the volume ratio is equal to the mole
ratio.

Since the mole ratio between Hy and NH3 is 3:2, the
volumes of the gases are in the same ratio.
Therefore:

volume of _ |moles H, volume of NHj3
H, needed ~ |{moles NHj3 produced

_ |3 moles Hp (100 liters NHj3)
~ |2 moles NH3

150 liters H,

An alternate solution:
From the equation, the proportion:

X literS'= 100 liters
3 moles 2 moles

will yield the same answer

(150 liters of H») -

e e e e



: Understandings
: Topical Cutline and Concepts Laboratory Experien
; ITI. Preparation of Many chemical reactions
Solutions are carried out in aqueous
solutions.
A. Rate of The rate of dissolving is Ask pupils to find tf
dissolving the quantity of solute quickest way to diss

‘ dissolving per unit of large pieces of solif
; time. such as sugar cubes §
i : large crystals of soj
L soluble salt.
i The process of dissolving

occurs only at the surface
of the solid.

; The rate of dissolving is

1 affected by such factors
as surface area, agitation,
and temperatu” :.

B. Solubility The solubility of a sub-

o stance is defined as the
quantity of the substance
that can be dissolved in

a stated amount of solvent
at a specified temperature.

1. Nature of Polar solvents tend to dis-
solute and solve only polar and ionic
solvent solutes; nonpolar solvents

.tend to dissolve only non-
polar solutes.

Y T T T R B L A s P R T T T TR
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Laboratory Experiences

Ask pupils to find the
quickest way to dissolve
large pieces of solids
such as sugar cubes or
large crystals of some
soluble salt.

Supplementary Information

Material on solutions is
treated in Block J, '
pp. 60-65, and in Area I,
Section III C of this
syllabus.

Review the dipole action
of water on a crystal
lattice in Avea 1, Section
IV B 2.

Pupils should be able to
read and use the solubil-
ity charts on the Refer-

ence Tables.

113
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Topical Outline

2. Temperature

3. Pressure
C. Concentration

1. Concentrated
and dilute
'qolutions

2, Saturated, un-
saturated, and
supersaturated
solutions

Understandings
and Concepts

Most solids become more
scluble as the temperature
increases.

‘Gases become less soluble

as the temperature
increases.

The solubility of gases
varies directly with the
pressure on the gas.

" The concentration of a solu-

tion may be expressed in
a variety of ways.

A concentrated solution
contains.a relatively
large amount of solute.

A dilute solution contains

a relatively small amount
of solute.

A saturated solution is a
solution containing all

the solute that can be dis-
solved at the temperature
of the solution.

An unsaturated solution is
one in which more solute
can be dissolved without
changing the temperature

52

Laboratory Experif
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and @empare the def
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Evaporate some -of E
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solution and noticf
depth of color.

Sodium thiosulfatej
is a suitable soluy
making solutions cff
degrees of saturatl
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Laboratory Experiences

Supplementary Information

Make a series of dilutions
of copper sulfate solution,
and e@empare the depth of
color of the solutions.

Evaporate some of the sol-
vent from a copper sulfate
solution and notice the
depth of color.

Sodium thiosulfate (hypo)
is a suitable solute for
making solutions of varying
degrees of saturation.

Because the definitions of
concentrated and dilute
solutions are vague, they
are useful only in com-
paring different solutions
of the same solute. The
terms listed below have a
more common usage.
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Topical Outline

3. Mass/volume

4, Melarity

Understandings

and Concepts

of the solution.

Laboraté

A supersaturated solution
is one which contains more
dissolved solute than it
normally would have at that
temperature.

The concentration of a
solution may be expressed
in a mass/volume ratio.

Common units used to
express concentration are
g./liter, g./ml., and
mg./ml.

The mass of a solute in a
given solution can be
found: volume x mass/vol-
ume = mass of solute. The
two volume units must be
the same.

The molarity of a solution Pupils s}f

indicates the number of ence in T
moles of solute per liter of differ}
of solution. Use CH 3 3
- tory exerj

found in §

manuals. §

53
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Laboratory Experiences

Pupils should have experi-
ence in preparing solutions
of different molarities.
Use CH 3.26 or the labora-
tory exercises on molarity
found in most laboratory
manuals.

Supplementary Information

A supersaturated solution
is prepared by cooling a
saturated solution.

Many recent laboratory
manuals express concentra-
tion in a mass/volume
ratio. T

Nursing students will
encounter percentage solu-
tions. Percentage solu-
tions = parts solute/100
parts solution.

Small quantities of solute
are sometimes expressed as
parts of solute per mil-
lion parts of solvent, or
parts per million (ppm).

The prepared standard solu-
tions may be saved for uses
in other experiments.



! - Understandings
; Topical Outline and Concepts Laborator

: The mass of solute in a
l given volume of molar
solutions can be computed:

mass of solute =

molarity x mole mass
y mole
x volume (in liters).

A standard solution is one
in which the molarity is

known.
IV. Separation of Mixtures of substances can
Substances be separated on the basis

of differences in proper-
ties of the components.
Two common methods are
based on differences in
solubility and boiling
points.

A e R S A AR PR e Sy b e e -
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Laboratory Experiences

Supplementary Information

The quantities used must
be expressed in proper

units. For example:
_ moles _ gram{s)
Erams = Jiter mole

x liter(s).

The allowable amounts of
impurities present in-a
reagent are set by various
agencies.

Work in the laboratory
requires a degree of pur-
ity found in CP, USP, or
reagent grades.

Technical grade contains
the highest amounts of
impurities and is used
only in industrial
processes where the impur-
ities do not affect the

process,

—~
N
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Topical Outline

A. Separation by
solubility

1. Filtration

2., Crystal-~
lization

B. Separation by
boiling points

Understandings

and Concepts

Soluble substances can be
separated from insoluble
ones by dissolving the
soluble ones.

Undissolved materials may
be isolated by filtration.

Since most solutes are
more soluble in hot water
than cold, cooling a solu-
tion {(or filtrate) gener-
ally causes some of the
solute to crystallize out.

Crystals suépended in a
solution can be isolated
by filtration.

Distillation is a process
by which a liquid is
vaporized and recondensed.

Laboratory Exgerﬁ

Ask pupils to isoB
many substances a$
can from an unknoj
mixture. Such a 1§
might include sandf
stone or chalk, angy
sodium chloride.

Pupils should be 48
use decanting and |
filtering techniq

These techniques o§
in connection witl®
separation of crys

Pupils should be 2§
recover solutes by
ration of filtrately
(Spattering during}
ration can be decr
using a heat lamp @
above the evaporat}
as the heat sourcef

Use a distillationy§
to find the percen
water in vinegar. §
pupils plan their @
experiment, some wi
up with a percent
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Laboratory Experiences

Ask pupils to isolate as
many substances as they
can from an unknown solid
mixture. Such a mixture
might include sand, lime-
stone or chalk, and
sodium chloride.

Pupils should be able to
use decanting and vacuum
filtering techniques.
These techniques are used
in connection with the
separation of crystals.

Pupils should be able to
recover solutes by evapo-
ration of filtrates.
(Spattering during evapo-
ration can be decreased by
using a heat lamp mounted
above the evaporating dish
as the heat source.)

Use a distillation process
to find the percent of
water in vinegar. If
pupils plan their own
experiment, some will end
up with a percent by volume

O

RIC

Aruitoxt provided by Eic:

Supplementary Information

No sample can pe 100% pure.
There are always traces of
other substances.

The process by which the
amount of contamination
components is significantly
reduced is called purifica-
tion.

When contaminating materi-
als have been reduced to
such an extent that their
effect is no longer sig-
nificant, the substance is
considered to be 'pure."
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Topical Outline

Understandings

and Concepts

The recondensed liquid
which is collected is
called the distillate.

A liquid may be isolated
from high boiling point
{nonvolatile) impurities
by distillation.

Volatile components can
often be separated by the
use of fractional distil-
lation.

Successive samples or frac-
tions contain decreasing
amounts of low boiling
point components and
increasing amounts of
higher boiling point com-
ponents.

Repeated fractional dis-
tillation of a specific

fraction can be used for
further separation.

Laboratory Expeif§

and others, with |
by mass. Since §
about 95 percent
some teachers may
concentrate it bej
for quicker and mg
accurate results.jk

Ask pupils to finj
amount of alcohol$
fraction collectep
the fractional dil}
of an ethanol-wat§
ture. Specific g§
ethanol solutionsg
found in chemicalk
books.
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Laboratory Experiences

Supplementary Information

and others, with a percent
by mass. Since vinegar is
about 95 percent water,
some teachsrs may prefer to
concentrate it beforehand
for quicker and more
accurate results.

Ask pupils to find the
amount of alcohol in each
fraction collected during
the fractional distillation
of an ethanol-water mix-
ture. Specific gravity of
ethanol solutions can be
found in chemical hand-
books.

There is a U.S. tax on
ethanol used in intoxicat-
ing beverages. To avoid
the high tax, industry
uses a denatured ethanol
solvent which contains
"impurities' which are
very difficult to remove
and which make the alcohol
poisonous.
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Topical Outline

I. Organic Compounds

A. Definition

B. General proper-
ties

H
o
W

AREA 3 - STRUCTURE AND PROPERTIES OF SIMPLE ORGANIC :

In some areas, working with models provides grea
understanding than working with the actual subst§
ces. In this unit suggested laboratory experienj
will emphasize the use of models. It is recommej
that each pupil have a set of models.

Understandings
and Concepts

Organic compounds are com-
pounds of carbon.

Organic compounds tend to
be soft, low-boiling point
solids, or gases.

Organic compounds are more
easily decomposed by heat
than inorganic compounds.

Organic compounds usually
are nonconductors of elec-
tricity.

Laboratory Experiencl

Arrange a display of §
organic materials amoj
which might be paraff
wax, an alcohol, prop
turper-tine, and an esf
such as amyl acetate.g§

Show that glycerol, s§
and alcohol solutions
not conductors of ele
tricity.
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Laboratory Experiences

Arrange a display of
organic materials among
which might be paraffin
wax, an alcohol, propane,
turpentine, and an ester
such as amyl acetate.

Show that glycerol, sugar,
and alcohol solutions are
not conductors of elec-
tricity.

; D PROPERTIES OF SIMPLE ORGANIC COMPOUNDS

Supplementary Information

Pupils will have encoun-
tered some of the concepts
listed at the left in
Seience 7, 8, 9, Block L
(pp. 62-75).

Other definitions of
organic compounds will not
be treated in this course.

An odor indicates a low
boiling peint.

Organic compounds tend to
char when heated.



Understandings
Topical Qutline and Concepts

The solubility of organic
compounds depends upon the
nature of the solvent used.

Since many organic com-
pounds are nonpolar, they
are not soluble in water.
; They are soluble in non-
polar solvents such as
petroleum ether, carbon
tetrachloride, and cyclo-
hexane.

Organic compounds tend to
react more slowly than
inorganic compounds.

e R iy e e

: There are many more organic
j compounds than inorganic
compounds.
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Laboratory Experiences

58

Supplementary Information

0il or kerosene will not
dissolve in water, but
will dissolve in nonpolar
organic solvents.

0il contains nonpolar mole-
cules, while water has
polar molecules. Gener-
ally, "like tends to dis-
solve like."

The toxic nature and flam-
mability of most organic
solvents make them
unsuitable for use in high
schools.

A rotable exception is the
speed with which some
organic reactions occur in
living things.

Known inorganic compounds
number about 50,000 com-
pared to some 1,000,000 or
more organic compounds.
More impressive than the
relative numbers is the
fact that virtually all
new chemical compounds
being discovered can be
classified as organic com-
pounds. The number of new



Topical Outline

II. Bonding in
Organic
Compounds

Understandings
and Concepts

Generally, molecules of
organic compounds are
covalently bonded.

The carbon atom has four
valence electrons, each of
which can be used in form-
ing a covalent bond.

The carbon atom tends to
form four covalent bonds
to achieve a complete
eight-electron vaience
ring.

The carbon atom is consid-
ered to have a tetrahedral
structure.

Laboratory Experiences

A satisfactory device to
illustrate the arrangement
of covalent bonds in a
variety of organic com-
pounds is a set of molec-
ular models. The models
consist of wooden spheres
with one to five holes in
them and dowels or springs
to represent the covalent
bonds. Prices range from
$3. to over $75. A

set costing less than

$10. is usually satis-
factory for use at this
level. These sets may also
be constructed of styro-
foam spheres and dowels.

Directions for constructing
a regular tetrahedron are
given in A 3.01.

Use the ball-and-stick mode
to show the bond angles.
Insert four sticks into the
ball representing the car-
bon atom. Show that the
"ends™ of any three sticks
represent the vertices of
an equilateral triangle.

El{lC 1234 59
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Laboratory Experiences

s of A satisfactory device to

re illustrate the arrangement
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ahedral a regular tetrahedron are
given in A 3.01.

Use the ball-and-stick model
to show the bond angles.
Insert four sticks into the
ball representing the car-
bon atom. Show that the
"ends" of any three sticks
represent the vertices of
an equilateral triangle.
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Supplementary Information

compounds averages at
least 30,000 per year.

The angle between
bonds tends to be

adjacent
109°28".
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Topical Outline

A. Isomers

B. Structural
formulas

Understandings

and Concepts

Carbon atoms have the abil-
ity to produce long chains
or rings by forming cova-
lent bonds with other car-
bon atoms.

The same atoms may often
be bonded in more than one

..... N

spatial arrangement to form
compounds having different
structures and properties.

Compounds having the same
molecular formulas (thus
the same number of each
kind of atom) but different
structures and properties
are cal..d isomers.

As the number of atoms in
a molecule increases, the
possibility of more spatial
arrangements (isomers)
increases.

Structural formulas can be
written by the use of a
short line or dash between
symbols to represent each
covalent bond.

Laboratory Experid

"Build'" carbon cha®
hooking 20 to 40 p§
clips together. Ed4
represents a carborff

To develop the cond
isomers, ask pupils
'"bond" 6 carbon and
hydrogen "atoms'" fi
molecular model kit§
identical arrangemd®
are made by the puf
ask them to find ot
sible ways =f putt®
atoms together. ;

Have pupils write §
tural formulas for @
model arrangements §
bon ard hydrogen "
constructed in the @
ity above.

Display a number of
of moieculec and ag
to write a structuy
mula for each "molR
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Laboratory Experiences

"Build" carbon chains by
hooking 20 to 40 paper
clips together. Each clip
represents a carbon atom.

To develop the concept of
isomers, ask pupils to
"bond" 6 carbon and 14
hydrogen 'atoms" from their
molecular model kits. If
identical arrangement:c

are made by the pupils,

ask them to find other pos-
sible ways of putting the
atoms together.

Have pupils write struc-
tural formulas for the
model arrangements of car-
bon and hydrogen "atoms"
constructed in the activ-
ity above.

Display a number of "models*
of molecules and ask pupils
to write a structural for-
mula for each "molecule."

Supplementary Information

The ability of carbon atoms
to form chains and rings
accounts for the large num-
ber of possible compounds.

Pupile should be able to
recognize isomers by com-
paring molecular formuias.
For example, CoHsOH and
CH30CH3 have the same molec-
ular formula, C,Hg0, and
hence are isomers.

A structural formula is a
two-dimensional reonresen-
tation of a thiee-dimen-

sional molecule.



Topical Outline

C. Saturated and
unsaturated
compounds

138

Understandings
and Concepts

Each carbon atom in a com-
pound may be joined to
another carbon atom by
sharing one pair of elec-
trons (one covalent bond).
This compound is consid-
ered saturated.

Two carbon atoms in a com-
pound may be joined by
sharing two or three pairs
of electrons. This com-

pound is considered unsat-
urated.

61

Laboratory Experienc:s
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Laboratory Experiences

Supplementary Information

A bond- formed between
atoms by the sharing of
one pair of electrons is
called a single bond. An
example of a saturated
compound is ethane (C,Hg)
represented as:

Il
H-T—T-H
HH
A bond formed between atoms
by the sharing of two pairs
of electrons is called a
double bond; a bond formed
by the sharing of three
pairs of electrons is
called a triple bond.

Examples of unsaturated
compounds are C,Hy and

C,H,. Their structural
formulas are:

H H

H-C=C-H and H-C=C-H



Topical Outline

D. Homologous
series

III. Some Classes
of Organic .
Compounds

A. Hydrocarbons

Understandings

and Concepts

Organic compounds can be
classified into groups
having related structures
and properties. Such
groups are called homolo-
gous series.

Each consecutive member of
an homologous series dif-
fers from the one before
it by a common increment.

Classes of organic com-
pounds may be recognized
by the numbers and arrange-
ments of certain atoms or
groups of atoms in their
structural formulas.

Hydrocarbons are compounds
containing only atoms of
hydrogen and carbon.

Hydrocarbons may be in the
form of straight chains or
rings, and may contain
from 1 to over 40 carbon
atoms.

Hydrocarbons may be gases,
liquids with a low boiling
point, or solids with a
low melting point.

Laboratory Experiences g

The use of models will
illustrate that the incig
ment is CHz for the seri§
covered in this unit. )

Ask pupils to build mode
of hydrocarbons represenf
by structural formulas.
This activity will help B
develop an understanding
the spatial relationship@
involved. g

Handbooks can be used fo
a comparison of melting
points and boiling point
of hydrocarbons.

62
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Laboratory Experiences

Supplementary Information

The use of models will help
illustrate that the incre-

ment is CH; for the series

covered in this unit.

Ask pupils to build models
of hydrocarbons represented
by structural formulas.
This activity will help
develop an understanding of
the spatial relationships
involved.

Handbooks can be used for
a comparison of melting
points and boiling points
of hydrocarbons.

The major sources of raw
materials from which
organic chemicals are
obtained are petroleum,
coal, wood and other plant
products, and animals.

The most abundant sources
of hydrocarbons are petro-
leum and natural gas.
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Topical Outline

1. Alkane series

o

Understandings
and Concepts

The nonpolar nature of the
hydrocarbon mclecules make
them relativley insoluble
in water.

When burned, hydrocarbons
form water and products
such as carbon, carbon mon-
oxide, and carbon dioxide.

The alkane series consists
of hydrocarbons having the
general formula, CnH2n+2’
The alkanes are saturated
hydrocarbons since only
single bonds exist between
adjacent carbon atoms.

Isomerism is shown begin-
ning with the fourth mem-
ber, butane, of the alkane
series.

There is a systematic way
of naming organic compounds
based upon the number of
carbon atoms in the alkane
chain.

Laboratory Ej

manuals descri
ties involvin
tion of methai
gas) in Bunser

Most chemistr%

1i1d ball-and
for the first
of the alkane

Build models o
of butane and
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Laboratory Eiiperiences

Most chemistry laboratory
manuals describe activi-
ties involving the combus-
tion of methane (natural
gas) in Bunsen burners.

Build ball-and-stick models
for the first five members
of the alkane series.

Build models of the isomers
of butane and pentane.

Supplementary Information

The products of combustion
are determined by the
amount of oxygen present
and by the temperature.

Complete combustion results
in the formation of COj

and H,0. Incomplete com-
bustion may result in the
formation of H,0, CO,
and/or C.

The alkane series is also
called the methane series,
or the paraffin series.

For purposes of examina-
tion, pupils will be held
responsible for the names
and formulas of the first
ten normal (unbranched)

145
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Understandings
: Topical Qutline and Concepts Laboratory Experie

The number of carbon atoms
is indicated by the first
part of a name. For
example,

meth - 1 carbon atom

eth - 2 carbon atoms
prop - 3 carbon atoms
but -~ 4 carbon atoms

The letters '"-ane' are used
for the ending of an
alkane's name.

2. Unsaturated There are several homolo- Ball-and-stick modelf
hydrocarbons gous series of unsaturated be built to illustra

hydrocarbons. structure of alkenes§
alkynes. Spring cong
Unsaturated hydrocarbons will be necessary foj

are named from the corres- double and triple boj
ponding alkane, with the nections. Pupils wi}
ending '"-ane'" changed to cover how the number %
indicate the series to hydrocarbons in thesg
which the compound belongs. series compares with

corresponding alkanes
The alkene series contains '
on. double bond in the
hydrocarbon chain. The
alkyne series contains one
triple bond in the hydro-
carbon chain,

3. Cyclic Some series of hydrocarbons In building models off
hydrocarbons contain carbon atoms zene, spring connectq
arranged to form a ring will be necessary fo

structure. double bond connectid

w
:éc

Aruitoxt provided by Eic:
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Laboratory Experiences

Supplementary Information

Ball-and-stick models can
be built to illustrate the
structure of alkenes and
alkynes. Spring connectors
will be necessary for
double and triple bond con-
nections. Pupils will dis-
cover how the number of
hydrocarbons in these
series compares with the
corresponding alkanes.

In building modcis of ben-
zene, Spring connectors
will be necessary for
double bond connections.

members of the alkane

series, and for recognizing

isomers of butane and pen-
tane from their structural
formulas. In this area
pupils will not be respon-
sible for the I.U.C naming
of these isomers. The
naming of hydroearbon iso-
mers will be treated in
optional Area 4.

Pupils will not be held
responsible for the names
or formulas of individual
alkenes or alkynes in Area
8. Unsaturated hydrocar-
bons will be treated in
greater detail in optional
Area 4.

While alternate double and
single bonds ars shown in
the structural formula of
benzene to satisfy the
valence requirements of

149
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Topical Qutline

B. Other organic
compounds

Understandings

and Concepts

The most important series
of cyclic hydrocarbons is
the benzene series.

Benzene, the first member
of the series, has the
molecular formula CgHg,
with the six carbon atoms
forming a ring structure.

In some homologous series
of organic compounds one
or more hydrogen atoms of
a hydrocarbon have been

replaced by other elements.

Organic compounds often can
be considered as being com-

posed of one or more func-
tional groups attached to
a hydrocarbon molecule.

A functional group is a
particular arrangement of
a few atoms which gives
characteristic properties
to an organic molecule.

Laboratory Experien

The use of ball-and-
models can provide ah
opportunity for deve
understanding of the
of the functional gr
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Laboratory Experiences

by other elements.,

Pmpounds often can
ered as being com-

The use of ball-and-stick
models can provide an
opportunity for developing
understanding of the role
of the functional groups.

Supplementary Information

the carbon atoms, all car-
bon-carbon bonds are the
same, and the benzene ring
does not show the reactions
typical of unsaturated com-
pounds.

Fer purposes of examination
benzene will be represented
as:

The purpose of this section
is to introduce pupils to

a few classes of organic
compounds and to show them
how to recognize the
classes from their func-
tional groups. Naming of
the compounds will not be
stressed.

More detailed treatment of
organic compounds and an
introduction to some of
their reactions may be
found in optional Area 4.
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i " Topical Outline

1. Alcohols

2. Aldehydes

Understandings
and Concepts

Organic compounds are
usually named from their
corresponding hydrocarbons
but are not necessarily
prepared from the hydrocar-
bon.

The functional group, -OH,

substituted for a hydrogen

atom in a hydrocarbon gives
the compound properties of

an alcohol.

While an alcohol may have
more than one -OH group,

no more than 1 -OH group
can be attached to one car-
bon atom in the molecule.

In the case of alcohols,
the -OH functional group
does not form hydroxide
ions in aqueous solution.

Alcohols may be named from
the corresponding hydro-
carbon by replacing the
final "e" by 'ol."

The structural representa-
tion of the aldehyde group
is

0

-C-H

66

Laboratory Ex-e.i

Change alkane modg
models of alcoholf
that an homologou#
of alcohols will ¥
from replacing arg
gen atom of succel
bers of the alkan@

Compare the effec}
aqueous alcohol ag
solutions on indif§
Account for the djj
results, '



MUnderstandings
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Btructural representa-
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Laboratory Experiences

Change alkane models into
models of alcohols. Show
that an homologous series

of alcohols will result

from replacing an end hydro-
gen atom of successive mem-
bers of the alkane series.

Compare the effect of
aqueous alcohol and base
solutions on indicators.
Account for the different
results.

66

Supplementary Information

The general structural
formula of an alcohol is
R-OH, where R represents
any -hydrocarbon minus one
H.

Two common alcohols are
methanol, CH30H, and eth-
anol, CszOH.

An aldehyde of primary
importance is methanal,
HCHO, which is generally
referred to by its common
name, formaldehyde.
should be familiar with
formaldehyde, which is

8

14¢

Pupils
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Topical Qutline

3. Ketones

4. Ethers

5. Organic
acids

Understandings
and Concepts

Aldehydes can be named by
replacing the final "e" of

the corresponding hydrocar-

bon with the ending "al."”

The structural representa-
tion of the ketone group
is

0
|

R1-C-Ry

Ketones can be named by
replacing the final "e" of
the corresponding alkane
with *'-one."

The structural representa-

tion of an ether group is
R1-0-Rs.

An ether group has an oxy-
gen atom as part of its
chain.

Organic acids are charac-
terized by a functional
group called the carboxylic
group.

67

Laboratory Experienceg

|
E

Compare models of C,H508
an alcohol; CH3CHO, an §
4ldehyde; and CH50CH3,
pther. The last is the@
pnly one where O is bonf§
to two carbon atoms. f§

Psing a model, derive af
grganic acid from an all®
! q

H




Eby
ge'" of
fane

genta-
p is

} ox-
ts

rac-
al
oxylic

Laboratory Experiences

Supplementary Information

Compare models of C,Hg5OH,
an alcohol; CH3CHO, an
aldehyde; and CH30CH3, an
ether. The last is the
only one where O is bonded
to two carbon atoms.

Using a model, derive an
organic acid from an alkane.

often used to preserve bio-
logical specimens.

R; and R, must be from a
hydrocarbon.

An important ketone, widely
used as a solvent, is pro-
panone, CH3COCH3, generally
referred to by its common
name, acetone.

The ether used as an anaes-
thetic has the formula
C,Hs0C,Hs .

There are acids which have
other functional groups in
addition to a carboxylic
group. Amino acids are an
example.

NIy



Understandings N
Topical Outline and Concepts Laboratory Experiend

The carboxylic group has
the structure

0

II

o et e e i 1

e

-C=0H

Organic acids are named
from their corresponding
hydrocarbons by replacing
the final "-e" with the
ending "-oic" and adding
the class name, acid.

6. Esters The structure of the ester
is
0
I
R; -C-0-Ry

, 7. Amine group Amine group structure is See A 4.08-a.
: represented by

! H

it -~

| N

; 8. Amino acids An amino acid is an See A 4.08-b.

organic compound containing
both an amine group (-NH,)
and an organic acid group
(-COO0H) .

68
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Supplementary Information
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hind containing
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c acid group
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L. 0 - Ry
&ructure is See A 4.08~a.
4

is an See A 4.08-b.

Organic acids containing
long hydrocarbon chains
{often 14-18 carbon atoms)
are found as constituents
of fats, and are known as
fatty acids.

Methancic acid, HCOOH, and
ethanoic acid, CH3COCH,
will be familiarly known
by their common names,
formic acid and acetic
acid.

Esters generally have odors
of fruit or mint.

Esters are often used in
synthetic flavoring.

The production of esters
by condensation reactions
between an alcohol and an
acid will be treated in
optional Area 4.

Units of amino acids can
function as an amine, as
an acid, or as both.




Topical Outline

I. Hydrocarbons

A. Series of
hydrocarbons

1. Alkanes

154

AREA 4 - FURTHER STUDY OF ORGANIC COMPOR

Area 4 is an expansion and continuatiof
of subject matter introduced in Area 3§
Teachers electing this optional area m#
wish to incorporate the material of bo¥,
areas in a single organic chemistry un$§

Understandings

and Concepts

Laboratory E t

There are many homologous
series of hydrocarbons.
The members of a series
have related structures
and properties.

The alkanes are saturated
hydrocarbons having the

general formula CnH2n+2'

The alkanes range from

gases to low-melting point
solids.

69
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Laboratory Experiences

Supplementary Information

The IUPAC (International
Union of Pure and Applied
Chemistry) system of
naming will be used in
this area. There will be
a few exceptions where
common usage may be
desired. For example,
nursing students will need
to know that ethanol is
also called ethyl alcohol.

There are series of hydro-
carbons not included in
this area.

The ending ''-ane" indicates
the saturated series.

The first four members of
the alkane series are gases
at room temperature; those
from CsHyo to CygHsy
liquids, and those above

.P_
1)
<



Understandings .
Topical Qutline and Concepts Laboratory Ex#

T T S a2 e Ay

The alkanes show isomerism
beginning with butane.

In naming the normal or
straight chain isomers,
the first part of the name
indicates the number of
carbon atoms in the mole-
cule,

BTSSR TR e e et

In naming branched-chain

i isomers, the longest

g unbranched chain of carbon
atoms in the molecule is
used as the basis of the
name .

NN At e

fedrm,

70
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Laboratory Experiences

Supplementary Information

C16H34 are solids.

Beginning with five carbon

atoms the first part of the
name is a Greek (or Latin)

prefix indicating the num-

ber of carbon atoms.

H H H H H

O U
H-C-C-C-C-C-H
[ N N B

H H H H H
is called n-pentane.

For example:

aO—1z

H -

T—QQ— o
]
jax

EIL—O—o
R — 00—

-C

H
is named as a derivative
of butane.




Topical Qutline

2. Alkenes

@
-
i
&

Understandings

and Concepts

The branch chains are named
as derivatives of alkanes,
with the ending "-yl" sub-
stituted for '"-ane.'

The carbon atom to which
the branch is attached is
indicated by a number pre-
ceding the name. The
chain is numbered from the
end nearest the first
attached group.

The alkenes are unsaturated
hydrocarbons having 1 pair
of carbon atoms with a
double bond between them.

The alkene series is rep-
resented by the general
formula, CH .

n on

In naming alkenes, the
""-ane' of the correspond-
ing alkane it dropped and
the ''-ene" ending is sub-
stituted to show the

71

Laboratory Exper#

Build models of th§g
five members of th@g
series. A
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Laboratory Experiences

H H H H
A
H-C-C-C-C
| |
H H H
H—(II-H.

H

2 methylbutane

e unsaturated Build models of the first
five members of the alkene
series.

- H

Supplementary Information

dimethylpropane

For purposes of examination
pupils w.ll be held respon-
sible for the names and
formulas for the first

five members of the alkane
series and their isomers.

The alkene series is also
known as the ethylene, or
olefin, series.

There are series of hydro-
carbons having more than
one double bond, such as
the dienes. These are not
members of the alkene
series.

The position of the double
bond is shown by a number
preceding the name, which
indicates the first carbon
in the double bond pair.

159
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Topical Qutline

3. Alkynes

1690

Understandings

and Concepts
double bonding.

Isomerism is shown begin-
ning with the third member
of the series, butene.
Isomers of the alkenes are
named in the same manner
as the alkanes.

The alkynes are unsaturated
hydrocarbons having one
pair of carbon atoms with

a triple bond between them.

The alkyne series is rep-
resented by the general

formula C_H .
n 2n-2

72

Laborato;

series.



Understandings
and Concepts
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Laboratory Experiences

CH3CH,CH=CH,

butene or
1-butene

Supplementary Information

(The carbon atoms are num-
bered from the end of the
chain nearest the double
bond.)

For example:
CH3CH=CHCH34

2-butene

(not 3-butene)

Build models of the first
five members of the alkyne
series.

Example:
CHj3

CH3CH-CH=CH,
3-methyl-1-butene.

Pupils will be held respon-
gible for the names and
forrulas of the first four
members of the alkene
series and any of their
isomers.

The alkyne series is also
known as the acetylene
series.

The formula, anzn—z

represents the alkadienes.

, also



Understandings
Topical Qutline and Concepts

Laboratory Experiences §

The alkynes are named by
dropping the '"-ane'" ending
of the corresponding
alkane and substituting
"-yne" to indicate the

; triple bond.

f Isomers of alkynes are
! named in the same manner
as the alkenes.

| 4. Alkadienes The alkadienes are unsatu- Fuild a model of butadie
rated hydrocarbons having ]
two pairs of carbon atoms
with double bonds between
them.

The alkadiene series is
represented by the general

formula LnHZn-z'

The alkadienes are named
by dropping the "-ane"
ending of the correspond-
ing alkane and substitut-
ing "-adiene'" to indicate
two double bonds.

!
i
|
b
L
;

-
SR
A W]

73
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Laboratory Experiences

Supplementary Information

Build a model of butadiene.

The common name for ethyne,
CoH,, the first member of
the alkyne series, is
acetylene. The name is
still in use and should be
familiar to students.

Pupils will be held respon-
stble for the names and
formulas of the first three
alkynes.

Two double bonds do not
occur consecutively in a
molecule; that is, one
carbon atom cannot form
double bonds with two other
carbon atoms.

The alkadienes cannot be
distinguished from the
alkynes on the basis of
their molecular formulas.
Butadiene and butyne both
have the molecular formula
CyHg.

Pupils will be held respon-
sible for the name and
formula of the first mem-
ber of the alkadiene
series, butadiene,
CHp=CH-CE=CH,.
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: Understandings :

! Topical Qutline and Concepts Laboratory Experiences}

! 5. Benzene The benzene series is a

: series series of cyclic hydrocar-

: bons which have the gen-

i eral formula, CnHzn—s'

2 The compound, benzene, is In building a model of |

: the first member of the methylbenzene, start wit)

2 benzene series. Other mem- molecules of benzene and

5 bers of the series are methane. This can be us

‘ named by changing the as an introduction to s
“-ane" ending of the added stitution reactions dis-H
alkane radical to "-yl", cussed later. '

and adding the word 'ben-
zene'' to complete the name.

s T YA e A et e~

B. Reactions of Hydrocarbons will burn at
hydrocarbons elevated temperatures.

Saturated hydrocarbons are
relatively unreactive.

i
[
i
i
§
f
5

Unsaturated compounds are
muach more reactive than
saturated compounds.

74
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Laboratory Experiences

In building a model of
methylbenzene, start with
molecules of benzene and
methane. This can be used
as an introduction to sub-
stitution reactions dis-
cussed later.

B at

are

ire

Supplementary Information

Review Area 3, Section IV
A 3.

The second member of the
benzene series is:

Hj

methylbenzene
CgHsCH3

The common name for methyl-
benzene is toluene.

For purposes of examina-
tion, only the names and
structures for the first
two members of the benszene
series will be required.

Complete combustion
results in the formation
of C02 and H;;_O.

Saturated compounds will
react with the halogens
(except iodine) to form
halogen substitution
products,
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Topical Outline

Understandings
and Concepts

il e T REEE o v

1.

In a substitution reaction
a hydrogen atom is replaced
by another kind of atom or
group.

Substitution

Substitution reactions are
characteristic of satu-
rated hydrocarbons.

Hydrogen atoms of satu-
rated hydrocarbons can be
replaced by halogen atoms.

In naming substitution prod-

ucts, use the longest
hydrocarbon chain for the
alkane's name. Precede
this name by prefixes to
indicate the kind and num-
ber of atoms substituted,
and numbers to indicate on
what carbons they are
located.

Laboratory Experience$

Start with a methane mf
cule and by substitutid
form :

(1) trich® romethane,
{chlorcform)

(2) difluorodichlorome}
ane, CF,Cl; (freonf

(3) tetrachloromethane$
CCly (carbon tetral
chloride) :



Laboratory Experiences

- Start with a methane mole-
Stom is replaced cule and by substitution
gind of atom or form

(1) trichloromethane, CHClj
{chloroform)

(2) difluorodichlorometh-
ane, CF,Cl, (freon)

(3) tetrachloromethane,
CCly (carbon tetra-
chloride)

dbstitution prod-
he longest
§chain for the
he. Precede

F prefixes to

e kind and num-

g substituted,
¥to indicate on

¥ they are

75

Supplementary Information

In view of the safety
aspects, it is recommended
that only models be used
in working out the organic
reactions treated in this
section.

Combustion and thermal
decompositioéon are not sub-
stitution reactions.

The general term for these
substitutions is halogena-
tion, and the products are
called halogen derivatives
or halogen substitution
products.

Examples of substitution
products are:

H C1

|
H-C-C-Cl

H H
1, 1-dichloroethane

Cl1 C1
1, 2-dichloroethane

17
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Topical Outline

2, Addition

158

Understandings
and Concepts

Addition reactions are
characteristic of unsatu-
rated compounds.

Addition usually involves
adding one or more atoms

at the double bond, result-
ing in saturation of the
bond.

Generally, addition reac-
tions tend to be faster
than substitution reac-
tions.

The addition of chlorine
and bromine (iodine does
not add) may take place at
room temperature., The com-
pounds formed are called
halogen derivatives.

At high temperatures and
with suitable catalysts
hydrogen can be added at
the double bonds. This
process is called hydro-
genation. The products
are saturated compounds.

Addition products are
named in the same manner
as -substitution products.

Laboratory Experiey

Start with ethylene
and "add" hydrogen
chlorine atoms to s
addition reactions .}
that ethyne (acetyl
can add "more' tharj
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Laboratory Experiences

Supplementary Information

Start with ethylene models
and "add" hydrogen or/and
chlorine atoms to show
addition reactions. Show
that ethyne (acetylene)

can add '"more' than ethene.

76

Bromine in CC1ly 1is used as
a test for unsaturation.
If this test is used, it
should be limited to a
teacher demonstration.
Bromine can cause serious
skin burns. Teachers
should acquaint themselves
with first aid for bromine
burns listed on the
reagent's label before

erforming the experiment.

Pupils will be held respon-
sible for names and struc-
tural formulas of halogen
derivatives of hydrocarbons
containing no more than five
carbon atoms in a straight

159



Understandings

Topical Outline and Concepts
3. Polymer- Polymerization involves the Build a pol7
ization formation of a large mole- eral ethylef§
cule from smaller mole-
cules.

For polymerization to occur,
taere must be a catalyst
and/or increased tempera-
ture.

4. Cracking Cracking is the process by
which long chain molecules
can be broken into smaller
molecules.

Generally, cracking
requires the use of a cata-
lyst and increased tempera-

ture.
II. Alcohols
A. Classes of Alcohols can be classified A 4.01 is u*
alcohols according to the number of ducing the §
-0H functional groups in the classes §

the molecule:

. Monohydroxy alcohols have
one -OH group.

170 77
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Laboratory Experiences

Supplementary Informati.n

Build a polymer from sev-
eral ethylene models.

3

A 4.01 is useful in intro-
ducing the structures of
the classes of alcohols.

77

chain.

Synthetic rubbers, plas-
tics such as polyethylene,
and other large chain mole-
cules synthesized by man
are polymers. These poly-
mers are included in
optional Area 7.

The cracking process makes
possible a greater yield

of usable hydrocarbons for
gasoline and other products.

Use sound films to show
eracking, polymerization,
and fractional distillation
processes applied to the
production of gasoline.

Methanol (methyl alcohol)
and ethanol (ethyl alcohol)

.are common monohydroxy

alcohols.

In naming monohydroxy alco-
hols in which the -OH is

171
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Topical Outline

. Dihydroxy alcohols have
two -OH groups.

. Trihydroxy alcohols have
three -OH groups.

172 78
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and Concepts

Laboratory Experiences

}ihydroxy alcohols have
Mvo -OH groups.

frihydroxy alcohols have
; ree -OH groups.

78

Supplementary Information

not attached to an end
carbon atom, the positicn
of the -OH group is indi-
cated by a number preceding
the name., For example,
Pl
T
H H OH H
is called 2-butanol.

Dihydroxy alcohols are
commonly called glycols,

An important dihydroxy
alcohol is

1]
H - T - C - H, usually

OH OH
called by its common name,
ethylene glycol.

The most important trihy-
droxy alcohol is glycerol,
H

H-C- OH

H-C- 0H

H—(IZ--OH’
!
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Understandings

and Concepts

The functional groups of
alcohols can be classified
as primary, secondary, or
tertiary alcohol groups
according to the number of
carbon chains attached to
the carbon having the -OH
group.

. Primary alcohol group:
T
R]_-C|:-0-H
H
written in condensed
structural formulas as
-CH,0H.

. Secondary alcohol group:
Rp

Ri -C-0-H

H
written in condensed
structural formulas as
-CHOH.

. Tertiary alcohol group:
Tz
R; - ? -0-H
R3
written in condensed

79

Laboratory
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Laboratory Experiences

Supplementary Information

Pupils will be held respon-

sible for naming monohy-
droxy alcohols containing
up to five carbon atoms
and their straight chain
isomers. Pupils will not
be expected to name dihy-
droxy or trihydroxy alco-
hols except ethylene gly-
col and glycerol. Pupils
will be expected to recog-
nize whether an alcohol is
a primary, secondary, or
tertiary alcohol from its
structural formula.




Understandings
Topical Qutline and Concepts

structural formulas as
~-COH.

Alcohols show isomerism.

B. Properties of The hydroxyl group gives The solubilities of alc§
alcohols polarity to some alcohols hols are illustrated inf
when H,0 is the solvent. A 4.02. '

As the number of hydroxyl
groups increases, the more
polar the molecule becomes.

The -OH functional group Compare the effect of |
in alcohols does not form aqueous alcohol and basd
a hydroxide ion in aqueous solutions on indicatorsg
solution. Account for the differemg

results. E

Alcohols are electrical non- Show the lack of electri
conductors, even in aqueous conductivity of alcoholdy
solution, such as ethanol and glyqg

erol. :

C. Some reactions
of alcohols

1. Oxidation Alcohols will burn at ele- Illustrate with an alco ;
: vated temperatures. lamp.

80

176



standings
Concepts

al formulas as

how isomerism.

vl group gives
o some alcohols
s the solvent.

i

per of hydroxyl
reases, the more
molecule becomes

hctional group
k does not form
e ion in aqueous

i 11 burn at ele-
bratures.

re electrical non-
h .
: even in aqueous

80

Laboratory Experiences

The solubilities of alco-
hols are illustrated in
A 4.02.

Compare the effect of
aqueous alcohol and base
solutions on indicators.
Account for the different
results.

Show the lack of electrical

ccnductivity of alcohols
such as ethanol and glyc-
erol,

Tllustrate with an alcohol

lamp.

Supplementary Information

As the length of a hydro-
carbon chain increases,

the polarity and solubil-
ity effects induced by the

hydroxyl group are reduced.

Monohydroxy alcochols con-
taining a chain of five or
more carbon atoms tend to
become insoluble.

Ethylene glycol and glyc-
ercl are completely mis-
cible with water.

Complete combustion results
in the formation of CO,
and H20 .

17%
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Understandings :
Topical Qutline and Concepts Laboratory Exper§
I~ .

Primary alcohol|groups can See A 4.03.
be oxidized to ildehydes.

Secondary alcohol groups See A 4.04.
can be oxidized to ketones.

Tertiary alcoholls are not
readily oxidized.

2. Esterification The hydroxyl group of an The preparation off
alcohol can react with the o0il (an ester) is
carboxylic (-COOH) group CH 7.17.
of an acid to forrm an
ester and water.
\

’\

[~
-
o

81




ings

bpts Laboratory Experiences Supplementary Information

. groups can See A 4.03.
aldehydes.

hol groups See A 4.04.
i to ketones.

O0H) group CH 7.17.
form an
Ir .

H

|
R-C-0H + [0] »R-C=0 + . Hy0
$ from
oxidizing
agent

OH 0
|

Rl -C - R2 + [O] -+ Rl-c—Rz + H20

H from
oxidizing
7 agent
b1s are not
2d .
roup of an The preparation of banana

act with the o0il (an ester) is given in

H

| R

Ry -C.-Ry - i + HO[-C-Rp ~

—O-C-Rz-!'HzO
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B e VU

Topical Qutline

III. Aldehydes

180

Understandings
and Concepts

The aldehyde group confers
only a moderate polarity
to the molecule which
tends to make the molecule
soluble.

Only aldehydes with a low

formula mass are soluble
in water.

Aldehyde groups are very
easily oxidized to acids.

Aldehydes can be oxidized
by air into their respec-
tive acids.

Aldehyde groups act as
reducing agents.

82

Laboratory Ex%

A 4.07 illustr
fication by thg
models. :

The oxidation
hyde to an acid
trated in A 4.(

Heat a few dropf
aldehyde in Berf§
solution or Felj
tion to show t

effect of an alj
See CH 7.14 (a)y



Laboratory Experiences

A 4.07 illustrates esteri-
fication by the use of
models.

The oxidation of an alde-
hyde to an acid is illus-
trated in A 4.05.

Heat a few drops of an
aldehyde in Benedict's
solution or Fehling's solu-
tion to show the reducing
effect of an aldehyde.

See CH 7.14 (a).

Supplementary Information

As the length of a hydro-
carbon chain increases,

the tendency to be soluble

in water is reduced.

The presence of an alde-
hyde group is shown by the
reduction of the metal ion

(usually Cu++) to the
metallic state.

Benedict's solution is
more stable than Fehling's
solution.

181
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§ Understandings

! Topical Qutline and Concepts Laboratory
; : —_—]
f IV. Organic Acids Organic acids contain one Using a mod
! or more carboxylic groups organic aci
} having the structure alkane. A
-

i -C - OH

The carboxylic group con-
fers considerable polarity
to molecules.

Organic acids containing
one to four carbon atoms
are soluble in water.

The boiling points of the
carboxylic acids are higher
than their corresponding
hydrocarbons because of
the polarity of the mole-
cules.

e S e e

e At

Organic acids react very

much like inorganic acids

because both produce hydro-
f gen ions in aqueous solu-

tion.
Organic acids are weak Compare the
acids. some organic}

some inorgan}
7.16 a-d.
The carboxylic group of
acids is very resistant to
oxidation.

i
0§
oo

O

ERIC -

Aruitoxt provided by Eic:
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“rstandin:s
f Concepts Laboratory Experiences Supplementary Information

ficids contain one Using a model, derive an
garboxylic groups organic acid from an
e structure alkane. A 4.06.

OH

:‘xylic group con-
®iderable polarity
Bles.

gcids containing As the length of the car-
fur carbon atoms von chain of an organic
B#le in water. acid increases, the solu-
i bility decreases.

fing points of the

gc acids are higher

T corresponding
Rons because of
gity of the mole-

@cids react very
g inorganic acids
ffoth produce hydro-
#Ain aqueous solu-

Bcids are weak Compare the properties of
some organic acids with
some inorganic acids, CH

- 7.16 a-d.

Bxylic group of

Blvery resistant to

El{fC‘ 83 183
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Understandings
Topical Outline and Concepts

Organic acids react with See A 4.1>
alcohols to form esters.

V. Carbohydrates Carbohydrates can ke recog-
nized from an empirical
formula written as

Cy (50, -

Carbohydrates contain
hydroxyl groups and alde-
hyde or ketone groups.

A. Monosaccharides Carbohydrates that cannot
be hydrolyzed (reacted
with water) into simpler
molecules are called mono-
saccharides.

Monosaccharides are known
j as simple sugars and have
| the general formula
CgH1205.

In naming classes of mono-
saccharides, the number of
carbon atoms is indicated
and the presence of an
aldehyde or ketone group
is shown by the prefix
"aldo" or "keto."

i ciatia o




Understandings

and Concepts

“rganic acids react with
lcohols to form esters.

rbohydrates can be recog-
ized from an empirical
rmula written as

/(HZO)X.

rbohydrates contain
droxyl groups and alde-
de or ketone groups.

rbohydrates that cannot
hydrolyzed (reacted

th water) into simpler

blecules are called mono-

hccharides.

bnosaccharides are known
5 simple sugars and have
he general formula
11206 .

naming classes of mono-
ccharides, the number of
rbon atoms is indicated
d the presence of an
ydehyde or ketone group
¢ shown Dy the prefix
t1do" or "keto."
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Laboratory Experiences

Supplementary Information

See A 4.10.

Esters of long chain
organic acids {(fatty acids)
and the alcohol glycerol -
are fats.

There is no structural
significance to this for-
mula.

Pupils are not expected to
learn structural formulas
of the various carbohy-
drates but should be
acquainted with the func-
tional groups which give
rise to the properties of
the carbohydrates.

Example: A 6-carbon

sugar containing an alde-
hyde group would be called
an aldohexose.

b
o
T



Understandings

Topical Qutline and Concepts Laboratory Experi
Aldose carbohydrates are Show the effect of
reducing sugars, sugars on Benedict'

tion. CH 7.19 a (ﬁ

Glucose and fructose are
reducing sugars.

B. Disaccharides Carbohydrates that undergo
hydrolysis to form two
monosaccharide molecules
are classified as disac-

charides.

Cane sugar is a disaccha- Prenursing students
ride known chemically as have some experienc
sucrose, Cj,Hp,01. using a hydrometer 1
Maltose and lactose are the specific gravity
also examples of disaccha-  sugar solutions.
rides.

The number of polar func-
tional groups present
makes the disaccharides
soluble in water.

In the presence of an For the hydrolysis d

acid or the enzyme, inver~ refer to CH 7.19 a ?
tase, cane sugar can

189 | %
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Laboratory Experiences

Show the effect of aldose
sugars on Benedict's solu-
tion. CH 7.19 a (3).

Prenursing students should
have some experiences in
using a hydrometer to test
the specific gravity of
sugar solutions.

For the hydrolysis of sugar
refer to CH 7.19 a (4).

Supplementary Information

Glucose is an important
aldohexose found in fruits,
honey, the blood stream,
anu in other fluids of the
body. It is the chief
source of energy for the
operation of muscles,
glands, and nerve impulses.

Fructose is the sweetest
of all sugars. While it
is a ketohexose, it reacts
as if it has a '"potential”
aldehyde group.

The hydrolysis of cane
sugar is called inversion
of sugar since the mixture

-
x
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j Topical Outline and Concepts Laboratory Exper

undergo hydrolysis to pro-
duce equal amounts of glu-
. cose and fructose. The

i reaction can be expressed:

| Ci12Hp0011 + HO0 >

CeHy206 + CgHyp20g

glucose fructose

C. Polysac- The polysaccharides include
charides starch, glycogen (animal
starch), and cellulose.

Polysaccharides have the
general formula
(CeH1005) , «

Polysaccharides yield many For the hydrolysif
monosaccharide molecules starch see CH 7.1H
when they are hydrolyzed.

The large size of the poly-
saccharide molecule tends
to make it insoluble or
only slightly soluble in

water.

The solutions of polysac- Use A 5.06 to illg
charides show colloidal colloidal starch g
properties. ties.

185 86
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Laboratory Experiences

Supplementary Information

For the hydrolysis -of

starch see CH 7.19 a (4).

Use A 5.06 to illustrate
colloidal starch proper-
ties.

of products rotates polar-
ized light in the opposite
direction from pure .
sucrose.

Glucose and fructose are
isomers that have differ-
ent structures and proper-
ties.

The fermentation of sugar
i8 discussed in optional
Area &. :

The complete hydrolysis of
starch produces glucose.

The colloidal properties of
starch solution are treated
in optional Area ©&.
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Topical Outline

VI. Proteins

A. Formation from
amino acids

Understandings

and Concepts

Proteins are complex nitro-
gen compounds built up
from amino acids.

An amino acid is an

~organic compound contain-

ing both an amine group
(-NH;) and an organic
acid group (-COOH).

By forming amide linkages,
amino acids polymerize to
form peptides.

i Tl
-N + H-0-C =+ -N-C- + HO
H
from from amide
one another linkage
amino amino
acid acid
mole- mole-
cule cule
Peptides, in turn, polymer-
ize to form proteins.
Proteins have very large
molecules,
87

‘Laboratory Exper§

The protein compog
can be qualitativ
tigated. Refer tdg
d (1). CH7.195d8
gives a test for i

Activity A 4.09 de@d
amide linkages. o
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Supplementary Information

The protein composition
can be qualitatively inves-
tigated. Refer to CH 7.189
d (1). CH7.19d (2)

gives a test for proteins.

Activity A 4.09 deals with
amide linkages.

H O
|

H,0

amide
linkage

Units of amino acids can
function as an amine, as
an acid, or as both.

An example of an amino
acid is glycine,
CH2NHo,COOH, with the
structural formula

H 0

H-(II-C{
\ OH
N - H
!

Pupils will be expected to
recognize an amino acid
Ffrom its structural for-
mila, and a peptide from

an amide linkage.
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Topical COutline and Concepts Labdratorx¥§xperiences

B. Hydrolysis Boiling with dilute acid Refer to A 5.03 for the
or the action of certain hydrolysis of proteins
enzymes can make proteins food.

undergo hydrolysis.

The complete hydrolysis of
a protein produces amino
acids.

VII. Lipids Lipids are constituents of
plants and animal tissue
that are insoluble in
water but are soluble in
nonpolar solvents.

Lipids are esters formed
by the reaction between
the trihydroxy alcohol,
glycerol, and one or more
fatty acids.

Fatty acids usually have
one carboxyl (-COOH) group
per molecule. The hydro-
carbon chain of the fatty
acid is a straight chain
containing an even number
of carbon atoms.

Fatty acids may be satu-
rated or unsaturated.




Laboratory Experiences

Refer to A 5.03 for the
hydrolysis of proteins in
food.

rmed
Pen
b1,
more

have
group
Fdro -
Fatty
pain
imber

tu-

Supplementary Information

The hydrolysis of proteins
18 treated in optional
Avea 6.

The term, lipid, will be
used in this Section to
mean fat or vegetable oil,
although some other plant
and animal products are
included in the lipid
group, since they meet the
solubility requirements.

The esters of glycerol are
sometimes called glycer-
ides.

Some common saturated fatty
acids are lauric
(C,,H3,C00H), palmitic
(C15H33CO0H), and stearic
(C,7H35COCH) .
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Unsaturated fatty acids
react like alkenes since
the carbon to carbon
double bonds will add bro-
mine or hydrogen.

| Lipids are low-melting-
; point solids or liquids.

The melting point of
lipids decreases as the
number of double bonds
increases.

The degree of unsaturation
of a natural fat or oil.
can be reduced to any
stage by hydrogenation in
the presence of a nickel
catalyst.

In the presence of enzymes,
glycerides can undergo
hydrolysis to form three
fatty acids and glycerol.

e e VA W3 b e,

The enzymes for the hydrol-
ysis of some glycerides
can be furnished by the
microorganisms in the air.

TRt e v e ST
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Laboratory Experiences

Supplementary Information

Oleic acid (C,7H33COOH),
is an unsaturated fatty
acid containing a double
bond between the ninth and
tenth carbon atoms.

Lipids which are solids at
room temperature are
called fats; those which
are liquids at room tem-
perature are called oils.

Hydrolysis of lipids is
treated in optional Area
5.

-
L
al



AREA 5 - CHEMISTRY IN THE HOM

. . Understandings
Topical Outline and Concepts Laboratory
I. Foods Cooking and preservation

of foods involve many
chemical changes.

The preparation of foods
changes the structure

of their nutrients and/or
the texture or particle
size of the foods.

The most common food nu-
trients are carbohydrates,
proteins, and lipids.

A. Preservation of Preservation of fuods is
food accomplished by preventing
the growth of micro-
organisms which provide
the enzymes required for
é chemical changes in foods.

e e b

Growth of microorganisms
can be controlled by
drying, salting, pickling,
or irradiation-of foods.

Heat can be used to For the effect o
destroy microorganisms or the action of thd
to decompose enzymes rennin, see A 5.;
which bring about changes
in foods.

90
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Laboratory Experiences
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Supplementary Information

Two useful resources for
this section are

Lowe, Belle. Experimental
Cooking. : :
Fitch, N.K. & Francis, C.A.
Foods and Principles of
Cookery. Prentice-Hall,
Inc.

Teachers should not hesitate
to refer to cookbooks as a
reference source for this
area. The use of cookbooks
will emphasize that there
is chemistry involved in
the cooking process. Poor
cooking results from lack
of contrcl of the chemical
processes involved in food
preparation.



Understandings
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8. Some food nutrients

1. Carbohydrates Carbohydrates can be rec-

ognized from a molecular
formula written as

C}’ (H20) X'

Most carbohydrates found
in foods are sugars and

starches.

a. Sugars Simple sugars are isomers Display a collection of
having the molecular different sugars. By re-§
formula CgHj20g. ferring to the formula on §

; the label have pupils clag
i sify each as a simple or §
complex sugar.

Glucose and fructose are
: some examples of simple
i sugars.

A complex sugar is formed
by the polymerization of
two molecules of simple

} sugars.

Sucrose is a complex sugar
| having the molecular for-
: mula C;oHp20717.

i
i b. Starches Starches are polymers of
i simple sugars.
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hydrates can be rec-
ed from a molecular
la written as

O)x.

carbohydrates found
ods are sugars and
hes.

e sugars are isomers
g the molecular
la CgHj 205.
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plex sugar is formed
e polymerization of
jolecules of simple
S .
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thes are polymers of
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Laboratory Experiences Supplementary Information

There is no structural sig-
nificance to this formula.

Display a collection of
different sugars. By re-
ferring to the formula on
the label have pupils clas-
sify each as a simple or a
complex sugar.

Fructose is much sweeter
than glucose.

Maltose and lactose are
examples of complex sugars.

Sucrose is also known as
cane sugar or tabtle sugar.

(

L
W
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Topical Qutline

2. Proteins

3. Lipids

a. Saturated

Understandings

and Concepts

The molecular formula for
a starch is (C5H1005)n.

Proteins are complex ni-
trogen compounds built
up from amino acids.

An amino acid is an or-
ganic compound containing
both an amine group (-NH3)
and an organic acid

group (-COOH).

Proteins have very large
molecules.

Fats and oils are clas-
sified as lipids.

Fats and oils are esters
of long chain fatty acids
and glycerol.

If the long chain of the
lipid contains only single
bonded carbon atoms, the
fat is saturated.

Laboratory Experiences

The protein composition can
be qualitatively investiga~
ted. Refer to CH 7.19 d
(1). CH 7.19 d (2) gives

a test for proteins. A
4.09 deals with amide link~-
ay€s.

Compare the solubility of
lipids in different solvents.

92
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Laboratory Experiences

The protein composition can
be qualitatively investiga-
ted. Refer to CH 7.19 d
(1). CH 7.19 4 (2) gives

a test for proteins. A
4.09 deals with amide link-
ages.

~N
\\H
from
one
amino
acid

Compare the solubility of
lipids in different solvents.

Supplementary Information

By forming amide linkages,
amino acids polymerize to
form peptides.

T
+ H-0-C =+ -N-C- + H,0
from an
another amide
amino linkage
acid

Constituents of plant and
animal tissues that are in-
soluble in water but are
soluble in nonpolar solvents
are known as lipids.

Vegetable oils have a greater
degree of unsaturation than

~animal fats.

At room temperatures, veg-
etable oils are liquids
while animal fats are
solids.

2U1
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Topical Outline and Concepts Laboratory Experiences
b. Unsaturated Unsaturated lipids contain

double bonds between some
adjacent carbon atoms.

C. Changing structure
of nutrients

1. Hydrolysis A reaction between a nu-
trient and water is
called hydrolysis.

a. Carbohydrates Carbohydrates undergo For the hydrolysis of suga;ﬂ
hydrolysis during the refer to CH 7.19 a(4). '
cooking process.

In the presence of an acid
or the enzyme, invertase,
cane sugar can undergo
hydrolysis to produce
equal amounts of glucose
and fructose. The re-
action can be expressed:
C12H22011 + Hp0 ~

| ] sucrose

- CeH120g + CgHy20¢

glucose  fructose

L]
Ue 93




Bipids contain
Bbetween some
don atoms,

Ftween a nu-
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Laboratory Experiences

Supplementary Information

For the hydrolysis of sugar
refer to CH 7.19 a(4).

The degree of unsaturation
of natural fat or oil can
be reduced by hydrogenation
in the presence of a nickel
catalyst.

Oleomargarines and solid
vegetable shortenings are
made by hydrogenating a
liquid vegetable oil.

Hydrolysis can also be de-
fined as the reaction of any
species with water.

The hydrolysis of cane sugar
is called inversion of sugar

since the mixture of products

rotates the pclarized light
in the opposite direction
from pure sucrose.
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Topical Outline

b. Proteins

c. Lipids

Understandings
and Concepts

As the concentration of
the hydrolysis products
increases, the boiling
point of the solution in-
creases.

As the concentration of
hydrolysis products in-
creases, the density of
the solution increases.

Starches undergo hydrolysis
to form simple sugars.

Proteins undergo hydrolysis
when boiled with dilute
acid or when in the
presence of certain en-
zymes.

During hydrolysis a pro-
tein molecule breaks up
into several smaller mol-
ecules.

Meat tenderizers contain
enzymes that promote
hydrolysis.

In the presence of enzymes
from microorganisms in air,
lipids can undergo hyarol-
ysis.

94

Laboratory Experieni

The "stages' of boilg
syrup can be used tof
sure" the amount of

sugar. See A 5.02,

Benedict's solution d
used to detect the pij
of a simple sugar inj
boiled starch solutid

Use A 5.03 to show hy
ysis of food proteind§
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Laboratory Experiences

The "stages' of boiling
syrup can be used to 'mea-
sure" the z2mount of simple
sugar. See A 5.02.

Benedict's solution can be

used to detect the presence

of a simple sugar in a
boiled starch solution.

Use A 5.03 to show hydrol-
ysis of food proteins.

94

Supplementary Information

Prenursing students should
have some experiences in
using a hydrometer to test
the specific gravity of
sugar solutions.

Collagen, the protein fouiid
in connective tissues and
ligaments, hydrolyzes

in boiling water to form
gelatin.

The complete hydrclysis of
a protein produces amino
acids.

N
g
7



T A B s S S L T A £ B = e e g =m0 it 8 Ao

Topical Cutline

2. Oxidation

3. Coagulation

¥

&
5
i
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D. Changing texture
or particle size

ERIC 200

Aruitoxt provided by Eic:

Understandings

and Concepts

Buring hydrolysis a lipid
molecule may form products
which have a disagreeable
odor and taste.

Atmospheric oxygen reacts
with unsaturated lipids to
produce malodorouc prod-
ucts.,

The enzymes from micro-
organisms in the air are
catalysts for the oxida-
tion of lipids.

Heating causes the globular
proteins in egg white and
milk to coagulate.

The enzyme, rennin, and di-
lute acids can also coagu-
late the globular proteins
in milk.

Gluten protein cliains are
formed when doughs are
beaten or kneaded.

Laboratory Experi'

Coagulation of pro
illustrated in A 58

A 5.05 is concerndg
the coagrlation of §
in flours and the M
affecting gluten clf§
mation. o

95
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Laboratory Experiences

Coagulation of proteins is
illustrated in A 5.04.

A 5.05 is concerned with
the coagulation of gluten
in flours and the factors

affecting gluten chain for-

mation.

Supplementary information

One of the hydrolysis prod-
ucts of butter is butyric
acid. Very slight amounts
of the acid can be detected
because of its disagreeable
odor.

Lipids become rancid as a
result of hydrolysis and/or
oxidation.

Keeping butter and other
fats and oils covered and
in a cool place reduces the
possibility of hydrolysis
and oxidation and retards
the onset of rancidity.

Cottage cheese is made by
the coagulation of milk
proteins.

Commercial casein glues are
made from milk proteins.

By ccntrolling the amount of
glutzn formation, the texture
of the dough cun be con-
trolled.

2U7



E Topical Qutline

j 1. Colloidal
; dispersions

a. Kinds of
colloids

208

Understandings
and Concepts

A colloid is a mixture con-
taining particles which are
iarger than those in a so-
lution but smaller than
those in a true suspension.

A colloid contains a dis-
persed substance in a dis-
persing medium.

The phases of the two parts

of a colloid may be alike
or different.

A ge? contains a liquid
suspended in a solid.

A sol contains a solid sus-
pended in a liquid.

An emulsion is a suspension

of two immiscible liquids.

A sponge is a gas dispersed
in a solid.

A foam is a gas suspended

“in a liquid.

A fog is a liquid suspended
in a gas.

Laboratory Experienc

Use CH 3.46 to illust
the intermediate posi
of colloidal particlef

Use CH 3.49 to illust
types of colloids.

i
i
|
}
E
!
;
|
|
{ Ask pupils to make a
%lection or a list of
i colloids used as food
|
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Laboratory Experiences

Use CH 3.46 to illustrate

the intermediate position
of colloidal particles.

Use CH 3.49 to illustrate
types of colloids.

Ask pupils to make a col-
lection or a list of some
colloids used as foods.

Supplementary Information

A colloid may not be made by
dispersing a gas in another
gas. The combination would
be a gaseous solution.

The size of the suspended
particles determines the
stability of an emulsion.

The 'steam" coming from con-
tainers in which food is
being cocked is really a fog
of tiny particles of con-

densed water suspended in air.

209
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Topical Qutline

b. Properties
of colloids

2. Forming gels

3. Forming emulsions

219

Understandings
and Concepts

Smoke contains a solid
dispersed in a gas.

Colloids have some prop-
erties of a solution and
some properties of a sus-
pension.

Colloidal suspensions show
the Tyndall effect.

A cooling starch solution
sets to a gel.

The proteins in a gelatin-
water dispersion will form
a gel upon being chilled.

The long hydrocarbon
chains found in lipid
molecules make them in-
soluble in water.

Laboratory Experie?

Compare the appeara
tling rate, and abif
pass through a filt§
FeCly solution and §
loidal dispersion.
CH 3.46.

Demonstrate the Tyng
effect by use of CHE

The colloidal prope}
a starch suspensionf
illustrated by use §
A 5.06.

A 5.07 deals with ti
solubility of lipid}
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Laboratory Experiences Supplementary Information

Compare the appearance, set-
tling rate, and ability to
pass through a filter of a
FeCla solution and a col-
loidal dispersion. See

CH 3.46.

Demonstrate the Tyndall
effect by use of CH 3.53.

The colloidal properties of Upon heating, the starch
a starch suspension can be granules in a suspension

illustrated by use of swell and form a viscous
A 5.06. solution with colloidal
properties.

The starch in flour, corn-
starch, and tapioca can
absorb great quantities of
liquid as the gel is formed;
these substances are used
as thickening agents.

A 5.07 deals with the in-
solubility of lipids.

57 211
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Topical Qutline

4. Leavening
action

Understandings

and Concepts

Immiscible lipids can be
permanently suspended by
"coating' the drops with
a substance (called an
emulsifying agent) that is
compatible with both
liquids.

Reducing the size of sus-
pended liquid particles
makes an emulsion more
stable.

Leavening agents form a
gas which expands upon be-
ing heated and changes the
texture of the dough.

Baking powder, baking soda,
yeast, and steam are common
lzavening agents.

98

Laboratory Experiences }

A 5.08 illustrates the
emulsifying action of ed
and starch.

Finding a combination o
chemicals that will pro-
duce a leavening effect
the problem in A 5.09.



Laboratory Experiences

. A 5.08 illustrates the
ently suspended by emulsifying action of eggs
o' the drops with and starch.

ance (calied an
Fying agent) that is
fble with both

g the size of sus-
liquid particles
n emulsion more

ing agents form a Finding a combination of
ch expands upon be- chemicals that will pro-
Fted and changes the duce a leavening effect is
b of the dough. the problem in A 5.09.

3

powder, baking soda,
and steam are common
Bng agents.
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Supplementary Information

Flour, cornstarch, and egg
yolk are emulsifying agents
used in the preparation of
gravy and salad dressings,

The role of the emulsifier
is gimilar to the detergent
effect discussed in more
detail in Section III A of
this Area.

Homogenized milk is made by
using ultrasonic waves to
break up the butter fat glob-
ules into particles small
enough to stay dispersed in
the skim milk.

Early recipes used brandy
for the leavening agent.

The steam formed in the
dough produced the main
leavening effect. The lower
boiling point of alcohol
allowed it to escape before
the dough "cooked."

Dry baking powders contain
sodium bicarbonate (baking
soda) and tartaric acid, or
acid salts such as mono-
calcium phosphate and di-
sodium phosphate. When water

210



Topical Outline

Understandings

and Concepts

The reaction between an
acid or acid salt and so-
dium bicarbonate is the
basis for the leavening
action of baking powder and
baking soda.

Yeast produces enzymes
which cause the fermenta-
tion of sugar.

enzyme

“ CgHy20g = 2C05 + 2C5H50H

Laboratory Experiences

The role of proteins in
leavening is shown in
A 5.10.

Many laboratory manuals
contain directions for ex-
periments on fermentation.

99




Laboratory Experiences

Supplementary Information

ion between an
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§ baking powder and
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The role of proteins in
leavening is shown in
A 5.10.

bduces enzymes
ise the fermenta-
sugar .

Lzyme

T 2C0, + 2CoHsOH

Many laboratory manuals
contain directions for ex-
periments on fermentation.

99

is added, the acid or acid
salt ionizes and reacts
with the sodium bicarbonate
to form CO; gas.

The lactic acid in sour
milk reacts with the baking
soda to form CO, gas.

Many cakes, biscuits,and
breads require the use of
baking powder as the leav-
ening agent.

The large number of eggs
used in making sponge cake
and cream puffs produces
strong gluten chains and a
"tough' dough which can
keep the steam trapped.

The large amount of COjp
produced from the fermenta-
tion process provides a
leavening action for breads
and rolls.

The spoilage »f some foods

is caused by undesirable
fermentation processes.

215
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Topical Outline

5. Crystallization

II. Home Cleaning and
Sanitation

Understandings
and Concepts Laboratory Experience

When a sugar crystal or a
piece of foreign matter is
introduced into a super-
saturated sugar solution,
the excess dissolved sugar
in the solution begins to
crystallize.

The size of sugar crystals Controlling crystal gro
determines the texture of in candy is treated in
a candy. A 5.11.

Crystals formed in sugar
syrup, honey, or maple
syrup can be dissolved by
heating the substance.

Cleansing requires the
loosening or dissolving of
fats and oils which bind
dirt to surfaces.

Sanitaticn requires the
control of bacteria, mold,
and virus growth which may
endanger the health of the
individual.

Water alone is not a good
cleaning agent, since it is
a polar solvent and grease
is nonpolar.

100



Laboratory Experiences

Supplementary Information
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Candy making depends upon
(1) hydrolysis of cane
sugar, and (2) the control
of crystal growth from the
resulting supersaturated
solution.

Generally, supersaturated
sugar solutions such as
honey are quite stable.
When crystallization does
occur, the solution is re-
formed easily.




Topical Qutline

A. Soaps and
detergents
1. Soaps
218

Understandings

and Concepts

Soaps and detergents are
composed of complex mole-
cules which enable water
to mix with oil or grease.

The molecules of a soap or
detergent consist of a long
hydrocarbon-like "tail"

and a very polar, water
soluble "head.' The 'tail"
is soluble in the grease
films, and the "head" is
soluble in water.

Soaps are metallic salts
of fatty acids having a
chain consisting of 10 to
18 carbon atoms.

101

Laboratory Experieng

Use scap to emulsify
ture of kerosene '"oil}
water. :

CH 7.19-c(4) may be %
for an activity invol
saponification.
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Laboratory Experiences

Use soap to emulsify a mix-
ture of kerosene "oil" and
water.

CH 7.19-c(4) may be used
for an activity involving
saponification.

[ERJ!:‘ 101

Aruitoxt provided by Eic:

Supplementary Information

When water containing a
detergent or soap is put

on a grease film, the
"tails" of the soap or
detergent molecules dis-
solve in the grease. At the
same time the "heads'' are
attracted to the water.

As a result, the film is
loosened, and tiny globules
of o0il, from which the polar
ends of the soap or deter-
gent project, are formed.
The polar ends give the
surface of the oil globules
a charge and set up a

stable emulsion.

Common soaps are sodium or
potassium salts of stearic
or palmitic acids. While
the sodium salts are more
widely used, the potassium
soaps are softer and more
soluble.
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Soaps react with minerals
in hard water to form a
"seum. '

Scaps are made by reacting
a fat and aqueous NaOH or |
i KOH.

|

e ot T S b

fat + base + a soap +
glycerol

The reaction for making a

soap is called saponifica-
tion.

'
}
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2. Detergents Detergents are sodium salts
5 of long chain alkyl sulfates
(sulfonates).

{
|
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Understandings

and Concepts

Soaps react with minerals
in hard water to form a
""scum. "'

Soaps are made by reacting
a fat and aqueous NaOH or
KOH.

fat + base +~ a soap +
glycerol

The reaction for making a
soap is called saponifica-
tion.

ﬁ

petergenits are sodium salts
bf long chain alkyl sulfates
[sulfonates}.

102

Laboratory Experiences

Supplementary Information

The reaction for making a
typical soap, sodium stea-
rate, from beef fat (glyc-

eryl stearate) and sodium
hydroxide is:

C3H5(00C(CHy) 16CH3) 3

3NaOH + 3CHj; (CHp), ¢COONa +

C3Hs (OH) 3

For purposes of examination,
pupils will not be held
responsible for the formulas
for substances involved in
saponification.

Grease that collects in drain
pipes can be removed by
saponification.

Drain cleansers are very
caustic and care must be
taken in using them. They
can corrode the plumbing
pipes and produce serious
burns on the skin. Be sure
to follow directions listed
on the container.

Detergents are also known as
syndets.

221
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Detergents which can be
decomposed by bacteria

are known as biodegradable
detergents.

Biodegradable detergents
in present use are straight
chain alkyl sulfates.

B. Bleaching Bleaching is accomplished
by the oxidation or reduc-
tion of coloring agents.

Bleaching by oxidation in-
volves the addition of
oxygen to the coloring
agent, while bleaching by
: reduction involves the re-
moval of oxygen from the
coloring agent.

Laundry bleaches form hypo- Bleaching by oxidation 1R
chlorous acid which decom- illustrated by CH 4.24-bfg
poses to form oxygen which, :
in turn, combines with the
coloring agent.

103
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Laboratory Experiences

Supplementary Information

Bleaching by oxidation is
illustrated by CH 4.24-b.

Early detsrgents such as
lauryl sulfonate (sulfate)
created a sewage problem
because soil bacteria were
not able to break down the
detergent molecule and
destroy its sudsing effect.

The composition of the color-
ing agent determines which
bleaching action should be
used.

The disinfecting action of
chlorine bleaches ig dis-
cuseed under Section C -
hypochlorites of thie area.

Pupils should be warned that
a chlorine bleach in the
presence of a strong soap,
household ammonia, or an acid
such as a vinegar solution

forms poisonous chlorine

223
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Peroxide bleaches decompose
to form oxygen which reacts
with the coloring agent.

Reducing bleaches make use A reducing bleach cang
of a combination of sulfur illustrated by the rg
dioxide and moisture which between oxalic acid g
removes oxygen from the tassium permanganate §

coloring agent.

The effect of a reducing
bleach is counteracted by
prolonged exposure to air.

The type of material to be For the effect of bldg
bleached determines the on fibers see A 5.12

; strength of the bleach to
be used:

e ———— T r———— e

. Chlorine bleaches are
strong bleaches which
tend to destroy fibers.

. Peroxide bleaches and
the sulfur dioxide-water
bleach are considered to
be mild bleaches.

:25&41 104
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Laboratory Experiences

A reducing bleach can be
illustrated by the reaction
between oxalic acid and po-
tassium permanganate.

For the effect of bleaches
on fibers see A 5.12.

Supplementary Information
gas. ﬁieﬁ'uEEné_A'EﬁlSiiﬁé'
bleach, one should follow
the directions listed on

_the label.

The 7% Ho0o, solution on the
market is primarily a bleach-
ing product and too strong

an oxidizing agent to be

used as an antiseptic.

Oxalic acid is often used
to remove stains.

Oxalic acid is poisonous.

The yellowing of white wool
or straw is caused by oxy-
gen from the air reacting
with the material.

Chlorine destroys protein
fibers.
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Topical Outline

C. Disinfectants

220

Understandings

and Concepts

Bleaching of yellow
materials may be accom-
plished by the use of a
bluing agent.

A disinfectant is an agent
that will destroy the cell
structure or enzymes of
bacteria.

A disinfectant used for
cleaning should be able
to concentrate on, adhere
to, and sterilize a sur-
face and keep it resis-
tant to bacterial growth.

Laboratory Experiences

Compare the appearance
under a yellow light of

piece of white cloth and
a similar piece of white]
cloth which has been dip
into a weak laundry blu
solution.

Discover materials that §
be used as disinfectants@g
See A 5.13.

tvaluate the effectivenelg
of disinfectants on bac-§
terial growth. See A 5.E%
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Laboratory Experiences

Compare the appearance
under a yellow light of a
piece of white cloth and

a similar piece of white
cloth which has been dipped
into a weak laundry bluing
solution.

Discover materials that can
be used as disinfectants.
See A 5.13.

vvaluate the effectiveness
of disinfectants on bac-
terial growth. See A 5.18.

105

Supplementary Information

This illustrates a physics
principle that a mixture
of yellow and blue re-
flected light forms a com-
plementary mixture that
appears to be white.

An ideal disinfectant is
nonspecific in its ger-
micidal action, nontoxic,
harmless to human tissue,
and remains effective in
hard or saline water or in
contact with organic
matter.

Many disinfectants are in-
soluble in water, but form
emulsions in soap or
detergent solutions.

The higher coal tar phenols
are carcinogenic and are
unsuitable for use as
disinfectants.
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I. Introduction

ERIC.

Aruitoxt provided by Eric:

AREA 6 - ENVIRONMENTAL POLLUTION

Understandings
and Concepts

Laboratory Experienc

A pollutant is a substance
found in the environment
which normally is lacking,
or, if naturally occurring,
is found in greater than
normal concentrations.

Pollutants may be natural
or man-made.

Contamination of our en-
vironment has increased to
a point that it is a
serious threat to the
health and economic wel-
fare of society.

In the past,man has de-
pended on dilution and
natural purification pro-
cesses to control pollu-
tion.

Factors which contribute
to the increasing contam-
ination of the environment
are the population explo-
sion, the growth of in~
dustrial processes, the
growth of large urban

106
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IToxt Provided by ERI

AREA 6 - ENVIRONMENTAL POLLUTION

Laboratory Experiences

Supplementary Information

Natural pollutants include
pollen, dust, silt, and
microues. Manmade pollu-
tants include sewage, pesti-
cides, industrial wastes,
and automotive emissions.

The rate at which man adds
pollutants to the environ-
ment is so great that some
authorities estimate that
the total amount of pollu-
tion in the world doubles
every 10 years.

Man can no longer depend
upon natural processes for
pollution contrel.
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Understandings )
Topical Outline and Concepts Laboratory Experig

, centers close to each
other, and the desire for
an ever higher standard
of living.

The first important re-
quirement of a pollution
control program is an
aroused community of in-
formed citizens and
officials.

e e s e i o 08

Pollutants may be found in
water, in air, and/or on
land. A particular
activity of man may cause
pollution in all three
areas.

e s £

II. Water

A. Water supply Man obtains most of his
water from surface water
and ground water.

i
‘

22:3{] 107
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Laboratory EXperiences

Supplementary Information

Discuss the role of the
individual and of local,
State, and Federal govern-
ments in- comtrolling pollu-
tion.

Legislators, lawyers, public
health officials, and
sanitary engineers are good
resource people for class
visitations, either in
person or via tape.

People in their daily living
activities add pollutants

to the environment when
they drive automobiles,

heat their homes, discharge
sewage, dispose of refuse,
etc.

Surface water includes
lakes, rivers, streams, and
reservoirs. Ground water
is water naturally found
beneath the surface of the
earth.

g i e



Topical Outline

B. Naturally occurring
substunces in the
water supply

1. Rainwater

ERIC

P v 223

AW

Understandings
and Concepts

The total amount of water
on earth remains relative-
ly constant. Water is
continually circulating
through a cycle of precip-
itation, runoff, infiltra-
tion, storage, evaporation,
and reprecipitation called
the water cycle.

The water from a major
river can be used many
times as it flows from the
source of the river to its
mouth. The only practical
solution to a shortage of
fresh water. is more reuse
of the same water.

When water from precipita-
tion and "returned" ground
water are not added to the
water table at the same
rate that they are re-
moved, the depth of water
in the table decreases and
a water shortage may occur.

Naturally occurring sub-
stances found in rainwater
include fine particles of
salt, dust, and smoke
which served as condensa-
tion nuclei. The

108

Laboratory Experiences
|

A terrarium can be used t@
illustrate the natural wags
cycle; If a terrarium isf
unavajlable, a sealed :
plastic bag containing a
little water can be used
show the processes of :
evapofation and condensa-M
tion.




Laboratory Experiences

Supplementary Inrormation

g#of water A terrarium can be used to
&relative- illustrate the natural water
Ber is cycle. If a terrarium is
lating unavailable, a sealed

g precip- plastic bag containing a
ginfiltra- 1little water can be used to
faporation, show the processes of

don called evaporation and condensa-
tion.
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The demand for fresh water
has been increasing. Some
surveys indicate a shortage
of fresh water in the
future. The population of
the United States increased
two and one-half times from
1900 to 1960, but the use
of water per day lncreased
four times for the general
population, seven times for

agriculture, and eleven times
for industry.

The lowering of the water
table in some parts of the
country is a matter of
great concern.

Traces of ozone, nitrogen
oxides, argon, sulfur
dioxide, ammonia, and other
gases may be present in
rainwater.
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Understandings

and Concepts

Topical Outline

principal gases from the
air dissolved in rainwater
are oxygen, nitrogen, and
carbon dioxide.

Most rainwater is weakly
acidic because of the

carbon dioxide dissolved in

it.
2. Ground water When weakly acidic rain-
water falls upon the earth
more carbon dioxide is
taken up as the water in-
filtrates the soil, flows
in streams, and/or is
stored. Substances that
dissolve in weak acids are
leached by the ground
water. This reduces the
acidity and increases the
concentration of minerals
in the water.

Water containing ions of
calcium, magnesium, and/
or iron is called hard
water.

Hard water renders soap
ineffective as a cleaning
agent.

214

Laboratory Experienceg

Test the pH of rainwati

Test the pH of ground

L]

Compare the number of §
of "standard" soap solg
needed to produce sudsg
samples of water from
different sources.

Soap solutions can be §
"standardized" by comp§
the number of drops ne@
to produce suds in dis
tilled water.
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Laboratory Experiences

Test the pH of rainwater.

Test the pH of ground water.

Compare the number of drops
of "standard" soap solution
needed to produce suds in
samples of water from
different sources.

Soap solutions can be
"standardized" by comparing
the number of drops needed
to produce suds in dis-
tilled water.

Supplementary Information

The pH value of rainwater
ranges from 5.5 to 6.0.

Ground water containing weak
alkaline materials may have
a pH range of 8.0 to 8.5.

The number of drops of
standard soap solution
necessary to produce suds
is a rough measure of the
degree of hardness in
water.

Students may encounter the
unit parts per million
(p.p.m.). The unit is used
to express small concentra-
tions of substances in
water without using
fractions.
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C. Water pollutants

1. Sewage

Understandings
and Concepts

Laboratory EN

Evaporate watg
different souf
compare the ag
residue. Ign§
residues. Inf
residues willg
0. ,anic residy

Demonstrate tH
ability to co¥f
electricity if§
measuring the§
tion of disso}

Sewage is water carrying

human, animal, or organic

wastes from homes, indus-
trial establishments, or

other places.

Sewage contains human and A 6.01 may bel
animal body discharges, detect oil inf@
household wastes, street washings. :
washings, ground water,

infiltration, and indus-

trial wastes.

Bacterial action causes the
decomposition of organic
matter.
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Laboratory Experiences

Evaporate water from
different sources and
compare the amount of
residue. Ignite the
residues. Inorganic
residues will not char.
Organic residues will char.

Demonstrate that the
ability to conduct
electricity is a way of
measuring the concentra-
tion of dissolved minerals.

A 6.01 may be used to

rges, detect 0il in street
street washings.

ater,

indus -

huses the
ganic

Supplementary Information

1.0 p.p.m. =1 mg./liter

1 liter water = 1,000,000
mg. watepr

1 mg./1,000,000
mg. water

I p.p.m.

Fresh sewage is a turbid
liquid containing organic
and inorganic "solids"
which may be dissolved,
suspended, or floating.

Organic solids include
animal and plant waste
products, dead animal
matter, plant tissue, and
synthetic organic materials
such as soaps, detergents,
frothing agents, and grease.

Inorganic matter in sewage
includes sand, grit, gravel,
silt, and mineral salts.

The bacteria may use organic
matter for food and de-
compose it into simpler
substances.
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Understandings
and Concepts

Aerobic bacteria require
dissolved oxygen for their

metabolism whereas an-

aerobic bacteria do not

require oxygen.

As the concentration of
aerobic bacteria increases,
the amount of oxygen used
by the bacteria increases,
and the amount of avail-
able dissolved oxygen in

the water decreases.

Decomposition products

from aerobic bacteria do

not give the water an

offensive appearance or

putrid odor.

As aerobic decomposition
proceeds, the dissolved
oxygen level may decrease
to a point where anaerobic

conditions develop.

The anaerobic decomposi-
tion forms a dark, putrid

smelling sludge.

111

Laboratory Expe‘

The determination

dissolved oxygen §
involves a simple §
tion as described

An agquarium in whicj
large amount of decll
matter is present

used to illustrate
malodorous gases arg
formed.



Laboratory Experiences

p require
for their

as an-
do not
lgtion of The determination of
increases, dissolved oxygen (DO)
xygen used involves a simple titra-

§ increases, tion as described in A 6.02.
f avail-

foxygen in

fases.

fissolved
8y decrease
fe anaerobic

gecomposi- An aguarium in which a
rk, putrid large amount of decaying
:. matter is present may be
used to illustrate that
malodorous gases are
formed.
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Supplementary Information

Low oXygen content can
kill fish and other plant
and animal life,

H»S, a decomposition prod-
uct, may be responsible for
the putrid odor present
during the anaerobic stage.
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2. Infectious
agents

Understandings

and Concepts

Biochemical oxygen demand The 5-day BC§
(BOD) refers to the quanti- described ir}
ty of dissolved oxygen
utilized in the biochemical
oxidation of organic

matter in a specified

time and at a specified
temperature. It is a
measure of the organic
matter in waste waters
which will undergo de-
composition by micro-
organisms.

Laboratoryg

Otlier organisms in addition
tc bacteria may remove
dissolved oxygen from
water. Also, certain
chemical wastes dis-
charged intou water will
undergo reactions removing
oxygen from water. A high
BOD test for a sample of
water indicates that
sewage may be present in
the water, but it is not
conclusive proof.

Sewage contains many micro-
organisms which may in-
clude pathogenic bacteria
and viruses from infected
hosts. These may enter

the sewage by way of in-
testinal body wastes.
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fhemical oxygen demand

¥ refers to the quanti-
dissolved oxygen
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fnal body wastes.
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Laboratory Experiences

Supplementary Informatio:;

The 5-day BOD test is
described in A 6.03.

The BOD test is one of the
principal tests applied to
sewage. Generally, a
sample of water is taken
and its dissolved oxygen
content immediately
dctermined. Another sample
of the water is taken at
the same time, sealed, and
held at 20° C.for 5 days.
After the fifth day, its
dissolved oxygen content
is determined. The decrease
in dissolved oxygen is
called the biochemical
oxygen demand for the 5
days; the BOD is expressed
inmg./1 (p.p.m.) of sample.
When a 5-day BOD test is
made on polluted water, it
is usually necessary to
dilute the sample being
tested to prevent all of
the oxygen in the sealed
sample from being used up
before the end of the test.

Parasitic bacteria which
produce toxic or poisonous
compounds that can cause
diseases in the host are
known as pathogenic
bacteria.



Topical Outline

Understandings

and Concepts

An index for aquatic pollu-
tion is the concentration
of E. coli, a nonpatho-
genic bacterium of the
intestine.

Standards for public

water supplies have been
set by the U.S. Public
Health Service. These
standards provide definite
minimums as to the number
of samples examined and
also the maximum number of
coliform organisms allow-
able per 100 ml. of water.

Laboratory Experiences

Kits are commercially

available that include
materials and instructions
for finding a coliform k
count by the membrane

filter technique.

e
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Laboratory Experiences

Kits are commercially
available that include
materials and instructions
for finding a coliform
count by the mewmbrane
filter technique.

Supplementary Information

Typhoid fever, endemic
diarrhea, dysentery, and
infectious hepatitis may
be transmitted by a water
supply polluted by im-
properly treated sewage.

Pathogenic bacteria are
difficult to detect but are
often intestinal associates
of E. coli. The assump-
tion is that as long as

E. coli are present, there
is a chance that some
pathogenic bacteria are
also present.

Warning! Handle all
bacterial cultures as if
the organisms they contain
are pathogenic. Incinerate
them promptly after use.

The threat posed by in-
fectious agents to human
health is reflected in
numerous beach closings
across the country. In
1967, out of 83 beaches
along the southern shore
of Lake Erie, 27 were un-
safe for swimming for the
whole season, and 28 only
periodically safe.
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Topical CQutline

3. Heat

Understandings

and Concepts

Heat is added to a water-
way as water from indus-
trial cooling processes
is returned to the water-
way at a higher temper-
ature.

Increasing the temperature
of a waterway is known as
thermal pollution.

As the temperature of a
waterway increases, the
maximum content of dis-
solved oxygen decreases.

Heat affects the life
processes of organisms
living in water and in-
*erferes with the decom-
position of wastes.

Laboratory Experif

Let a glass of coldf
set overnight. Obsi
the bubbles that ccl
on the glass as somy§
the dissolved gasesjg
out of solution becf
of the increased te§
ture of the water. |}

Have students find §
level of samples ofl§
at different temperf
and compare their rf
with figures listed}
solubility tables fE
reference books. f
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Laboratory Experiences

Supplementary Information

Let a glass of cold water
set overnight. Observe
the bubbles that collect
on the glass as some of
the dissolved gases come
out of solution because
of the increased tempera-
ture of the water.

Have students find the DO
level of samples of water
at different temperatures
and compare their results
with figures listed in
solubility tables found in
reference books.
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Large quantities of fresh
water are used for cooling
by the Nation's industries.

Major contributors to
thermal pollution are steel
plants, fossil-fuel
electrical plants, and
nuclear reactors.

The growth of most algae

is increased by an increase
in the temperature of the
water.

Some game fish can survive
only in cool streams; if
the stream temperature is
raised, these die off and
are replaced by less
desirable species.
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Topical Outline

4. Sediments

5. Radioactive
substances

Understandings

and Concepts

Silt, mud, and dust have
always been water and air
pollutants.

By exposing the surface of
the earth to erosicm, man
has become responsibie for
increasing the siltation
of waterways.

The oldest and largest bulk
pollutant is silt.

Silt can eventually destroy
a water course. Silt can
also affect the types of
life in the water.

Most radioactive wastes
produced are associated
with the production of
electricity by nuclear
reactors.

The tctal quantity of
radioactive wastes produced
yearly is increasing.

High-level radioactive
wastes which are considered
too dangerous to be re-
leased to the enviromnment
are concentrated and

stored for long periods of
time before disposal.

Laboratory Experiences

A 6.04 describes the
settleable solids test.

Evaporate and ignite the
residue from silty water
to show silt is mostly
inorganic matter.

115



erstandings
Laboratory Experiences

Supplementary Information

d Concepts
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During the thirties,
American farms annually

lost half a million acres

of topsoil from wind and
water erosion in the Dust
Bowl., Similar losses have
occurred in the world as a
result of exposing savannahs
and jungles to erosion.

An excess of silt causes
fish to die.

The mining, milling, and
preparation of fuel for
reactors and weapons produce
wastes containing natural
radioisotopes.

Irradiation within the
reactor produces wastes
rich in fission products.

The necessity of storing
radioactive liquid wastes

in tanks for hundreds of
years has led planners with-
in industry to consider con-
verting these wastes into
solids for burial. Possible
burial sites include salt
mines and spaces cut deep
into bedrock.
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6. Minerals and
chemical
substances

Understandings
and Concepts

Radioactive wastes of low
activity are released
directly into the air or
into waterways. These
processes are carefully
controlled.

Radioisotopes are released
into the environment by
fallout from nuclear tests
conducted in the atmos-
phere. These fallout
products can bp concen-
trated by plants and
animals in food chains.

Exposure to radiation from
radioisotopes ingested
into the body is much more
dangerous than exposure

to radiation outside the
body .

'\

Detergents, fertilizers,
insecticides, pesticides,
and other industrial
chemical wastes are
appearing in our water
sources.
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Laboratory Exl

Samples of sodf
leached by watf
water examined®
of radioactiv#

Irradiated sed
purchased and §
of the irradid
the seeds exa

A 7.20.

Compare the r§

test for the H
organic and i}
matter.
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Laboratory Experiences

Samples of soil can be
leached by water and the
water examined for levels
of radioactivity above
background levels. See
A 7.21.

Irradiated seeds can be
purchased and the effects
of the irradiation upon
the seeds examined. See
A 7.20. :

Compare tne residues left
by evaporation of water
samples taken from a
drinking source, a moder-

ately polluted stream, and
a heavily polluted stream.

Ignite the residues to
test for the presence of -
organic and inorganic
matter.

Supplementary Information

In a study of the lichen-
caribou-Eskimo food chain,
the concentration of radio-
active cesium-137 was six
times greater in the Eskimo
than in the lichen.

Reindeer moss concentrates
radioisotopes from fallout
which, in turn, are
transferred to reindeer as
they graze. 1In 1965, it

was reported that Laplanders,
who eat reindeer, had
reached the highest radia-
tion exposures of any popu-
lation.
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Plant nutrients
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Understandings

and Concepts

Stable chemicals may build
up to a concentration
which is harmful to man
when he drinks the water.

Laboratory Engt

Plants and animals may
concentrate chemicals in
their tissues. When man
uses the plants for food,
he ingests the chemicals
in harmful quantities.

Some chemicals change the Compare the corro$
pH of water and may affect nail by distilled§
the growth of organisms and by water samp

in the water or the low or high pH vaf
corrosiveness of the ;
water.

Chemicals which can be
decomposed by bacteria are
known as soft or biode-
gradable substances.

Agricultural chemicals are
washed or leached off farm
land into waterways.

Chemicals may accelerate
the growth of some orga-
nisms and upset the bal-
ance of nature.

Butrophication is the aging
of a lake from an aquatic
condition to a semiterres-
trial or fully terrestrial
state. This aging process
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Laboratory Experiences

Supplementary Information

Compare the corrosion of a
nail by distilled water,
and by water samples having
low or high pH values.

The dangers from many
chemicals lie in their
cumulative effect.

Dangerous concentrations of
mercury and fluoride com-
pounds from industrial
wastes and pesticides have
been found in aquatic
organisms.

Phosphate fertilizer washed
into a water course may
accelerate the growth of
algae. The growth of the
algae upsets the balance of
nature to the extent that a
pond may be destroyed or a
beach ruined.
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is largely a result of
enrichment by nutrients.

‘ .In many bodies of water,

i the natural process of

: eutrophication has been
accelerated to a consider-
able degree by pollution.

b. Pesticides For many years, large Activities involving
: quantities of pesticides layer chromatography
5 have been used in agri- detection of some of
i culture. Some of these insecticides and pest
i . are extremely harmful to are described in the
{ man, if ingested. Many chromatography texts
i are nonbiodegradable. in Appendix B under A}

These pesticides leach
; into the ground and wash
: into waterways. Like the
! radioactive pollutants,
i they can be concentrated
i in food chains.
{
[
‘:
|
?

Varying amounts of some
pesticides have been
found widespread in
water supplies.

Some pesticides contain A test for the fluori
fluorine and yield ion is desciibed in A
fluoride ions after de-
gradation.
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Laboratory Experiences Supplementary Information

Roe Activities involving thin
gcides layer chromatography for
Rori- detection of some of the
fhese insecticides and pesticides
Bul to are described in the

Many chromatography texts listed
Be. in Appendix B under Area 8.

§some Adult trout in Lake George i
4 showed a high concentration !
of DDT. It did not kill the
adult fish,but it did halt 4
reproduction (many eggs did §
not hatch, and, if they did,

the fish did not live be- 4
yond the fry stage). B

tain A test for the fluoride The long-range effects of
ion is described in A 6.05. pesticides upon the health
F de- of the general population is

being investigated by public
health authorities.
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Industrial

chemicals
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Understandings
and Concepts

Pesticides vary in their
degree of toxicity and in
their biodegradability.

In general, the chlorinated
pesticides are most resis-
tant to biodegradation and
are highly toxic to aquatic
life. The organic pesti-
cides that contain phos-
phorus are less toxic to
aquatic 1life and are more
biodegradable. The carba-
mate group is noted for

low toxicity to aquatic
life and high biodegrad-
abilitv,

Acids, bases, and sulfur
compounds are among the in-
dustrial chemicals that
contaminate waterways.

Organisms are sensitive
to changes in pH.
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Laboratory Exper

Determine the DO c§
a sample of water. f§
add a small amount R
Na,S03 (a chemical §
might appear in ind
wastes). Stir, andg
mine the DO contentf
water again. Note B
lower DO value due §§
oxidation of sulfith

Germinate seeds (Sel§
A 7.20) in solution®
varying pH. Soak t#@
first, and then keef§
moistened with weaklg
tions of vinegar or B
hold ammonia cleane:®
Compare the rate of
nation and the gro
seedlings with a gr
controls.
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Laboratory Experiences

Supplementary Information

Determine the DO content of
a2 sample of water. Then
add a small amount of
Na;SO3 (a chemical which
might appear in industrial
wastes). Stir, and deter-
mine the DO content of the
water again. Note the
lower DO value due to the
oxidation of sulfite ions.

Germinate seeds (See

A 7.20) in solutions of
varying pH. Soak them
first, and then keep them
moistened with weak solu-
tions of vinegar or house-
hold ammonia cleaner.
Compare the rate of germi-
nation and the growth of
seedlings with a group of
controls.

Pesticides are grouped into

three categories: in-

organic, natural organic,

and synthetic organic com-

pounds. Major types of

synthetic organics are

those that contain:

- chlorine (DDT, endrin,
lindane)

- phosphorus (parathion,
malathion) '

- carbamate (captan, sevin,
ferbam) .

Industrial chemicals may be

