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FOREWORD 

During the spring of 1977, 15 area meetings were held throughout 
New York State to discuss the contents of the Regents Chemistry 
Syllabus. A committee of teachers was convened later in the year 
to collate the informatioq gathered from the field. The-members 
of this committee were: Frank Eickler, Ned Hyde Park Memorial 
High School; Beulah Patton Durr, William Nottingham High School, 
Syracuse; Richard Quest, Oneonta High School; Ronald N. Ulrich, 
Avon Central School; Martin L. Franklin, Franklin Academy, 
Malone; I. Fred Socolof, Grover Cleveland High School, New York 
City; Anthony A. Galitsis, Sleepy Hollow High School, North 
Tarrytown; Harry A. Kranepool, Bishop Loughlin High School, 
Brooklyn; P,eter E. Demmin, Amherst Central School; and 
Lys Keneally, John Adams High School, New York City. 

Based upon the information gathered, a Regents Chemistry Advisory 
Committee met in June 1978 to help set guidelines for the revision 
of the Regents Chemistry Syllabus. The intent of this committee 
was to establish a course of study having greater flexibility 
than the present course without lengthening the time requirement. 
The Regents Chemistry Advihory Committee consisted of: David W. 
Crane, Greece-Arcadia High School, Rochester; Beulah Patton Durr; 
Anthony A .  Galitsis; Larry C. Grimm, Clarkstown Senior High 
School North; Lys Keneally; Chirakkal V. Krishnan, East Islip 
High School; Joseph J. Oberkrieser, Orchard Park High School; 
I. Fred Socolof; Edith M. Stillwaggon, Division Avenue Senior 
High School, Levittown; and Marlene Williams, New Hartford 
High School. 

It was virtually impossible to get substantial agreement on what 
items had to be deleted from the present syllabus in order to 
include some additional items requested by the field. Therefore, 
the committee suggested a format which would essentially maintain 
the present content of the syllabus and at the same time 
incorporate the suggestions from the field. This was accomplished 
without altering the minimum requirements of the course. 

During the s m e r  of 1978,the writing team of Chirakkal Krishnan 
and Jose~h Oberkrieser ~re~ared a DeveloDment Draft of the 
Regents 'Chemistry ~~llabus'according to the guidelines established 
by the Renents Advisorv Committee. Co~ies were mailed to all 

Lys Keneally and Beulah Durr of the Regents Chemistry Advisory 
Committee collated the responses from the school districts, 
categorizing them for examination by the committee. The 
Developmental Draft of the Regents Chemistry Syllabus had been 
received favorably by a majority of teachers in the field. This 
made it necessary for the committee,meeting in June 1979, to 
recommend only a few further suggestions for the preparation of 
the Trial Draft, as well as the final draft, for the Regents 
Chemistry Syllabus. 

Each and every response from the various school districts was 
read by the writing team. Many suggestions made by teachers 
were included in the final draft of the new syllabus. The 
end result has been a reorganization of the present syllabus 
which provides some options for teachers, resulting in a 
flexibility that was not present before. Some new topics have 
been added. Wherever possible, content has been clarified and 
updated according to modern concepts. 

Acknowledging the variability in different school situations 
encountered in New York State, this syllabus provides the teacher 
with the opportunity to use selected units in greater depth and 
still have time to complete the minimum requirements for Regents 
examinations in chemistry. Teachers are not limited by the 
scope of this draft of the syllabus which lists the minimal 
requirements for the purpose of testing. They may add enrichment 
beyond the required areas. 

The Developmental Draft, the Trial Draft, and the final 
draft of this syllabus were prepared by the Bureau of 
Science Education with the assistance of the Bureau of 
Curriculum Development. John V. Favitta, associate 
in Science Education, supervised the development 
of the revised syllabus. 

schools in October with a request for reactions to the draft and 
suggestions for its improvement. 



INTRODUCTION 

OVERVIEW LABORATORY REQUIREMENT 

This course of study presents a modern view of chemistry 
suitable for students with a wide range of skills and abilities. 
The outline of topics provides the unifying principles of 
chemistry. The principles included in the outline are basic 
to the understanding of our environment. 

The technological impact of chemistry should not be the only 
driving motivation for the study of chemistry. Students should 
also be made aware of the total effect of the application of 
chemical principles on our lives. Teachers are encouraged to 
use those applications which they consider important and which 
have local or intrinsic significance. 

PREREQUISITIES 

In order to be able to understand and use the principles of 
chemistry introduced in this outline, students should be 
familiar with the use of standard notation of numbers. 
significant figures, metric system of units, heat units, 
dimensional analysis (inclusion of units in mathematical 
computations), and an understanding of direct and inverse 
relationships. 

Students enrolling in the Regents chemistry course must have 
completed Ninth Year Mathematics or Course I - Algebra. They 
also should have completed or, at least, be currently enrolled 
in Tenth Year Mathematics. While very little of the content 
of Mathematics 10 or Course I1 is used directly in chemistry, 
the experiences in setting up and solving problems, and the 
analytical thinking developed in this course are most useful 
in chemistry. 

TEACHING SEQUENCE 

Teachers are at liberty to use any sequence of topics outlined on 
the next page and such teaching techniques as are appropriate 
for their students. 

Teachers should not hesitate to introduce briefly any of the 
subject matter as the occasion demands, even though it will be 
treated in depth later in the course. The teaching should be an 
interlocking process so that the students get both a foretaste of 
what is to come and a review of the material previously covered. 

Regents chemistry has a mandated laboratory requirement, and 
successful completion of this course earns for the students one unit 
of credit in a laboratory science. Each student must be engaged in 
laboratorv activities for at least thirtv 40-minute ~eriods (or its 
equivalent) exclusive of time used in changing classes or teachers. 
Laboratory experiences should be related to daily classroom . . 
instruction and provide "reinforcement" for such instruction. 
Satisfactory written reports of these laboratory experiences must be 
prepared bi the student: At the completion of the course, these 
laboratory reports must be kept in the school for six months 
following the date of the examination, except in instances where a 
senior or transferring student needs these reports for further work. 

Pursuant to Section 207 of the Education Law, Section 8.2(c) of the' 
Rules of the Board of Regents states, "Only those persons who have 
satisfactorily met the laboratory requirements as stated in the 
State syllabus for a science shall be admitted to the Regents 
examination in such science." This Rule of the Board of Regents 
applies to all students whether regularly enrolled in a Regents 
science class or studying independently. For students with severe 
physical handicaps, admission to science Regents examinations will 
be considered on an individual basis. Questions pertaining to the 
admission of students with severe physical handicaps to science 
Regents examinations should be directed to the Chief of the Rureau 
of Science Education, New York State Education Department, Albany, 
New York, 12234. 

NOTE: The Unit 12* on Laboratory Activities presented in this 
syllabus is not intended to be comprehensive. Rather, the topics 
outlined in this unit represent the minimum requirements for 
testing in the Regents examination if this unit is elected by the 
students. 

This course of study has been developed for a minimum of six 40- 
minute periods per week of instruction or its equivalent. These 
time allotments should include at least one double period each week 
for laboratory work. Because of the strong emphasis on the 
development of laboratory skills, seven periods per week of 
instruction is recommended. 

STATE DIPLOMA CREDIT 

This course may be used as one unit of the Group I1 science 
sequence or for Group 111 credit as an elective toward a State 
diploma. 

iv  





TOPICAL OUTLINE 

h i t s  1-8 are required of aZZ students. A mi- of  two uni t s  with an asterisk  ( * I  are required of aZZ students. Numbers i n  parenthesis 
re fer  to page Zocat ia .  

UNIT 1 - MATTER AND ENERGY (1) 
I. Definition of Chemistry (1) 

11. Matter (1) 

A .  Substances (1) 
1. Elements 
2. Compounds 

B. Mixtures (1) 

111. Energy (1) 

A. Forms of energy (1) 
B. Energy and chemical change (1) 

1. Exothermic reaction 
2. Endothermic reaction 

C. Measurement of energy (2) 
1. Calorie 
2. Thermometry 

a. Fixed points on a thermometer 

IV. Phases of Matter (2) 

A. Gases (3) 
1. Boyle's law 
2. Charles' law 
3. Standard temperature and pressure (STP) 
4. Partial pressures 
5. Kinetic theory 
6. Deviations from the gas laws 
7. Avogadro's hypothesis 

B. Liquids ( 5 )  
1. Vapor pressure 
2. Boiling point 
3. Heat of vaporization 

C. Solids (6) 
1. Crystals 
2. Melting point 
3. Heat of fusion 
4. Sublimation 

UNIT 2 - ATOMIC STRUCTURE (7) 
1. Atoms (7) 

A. Introduction to atomic structure (7) 

B. Important subatomic particles (7) 
1. Electrons 
2. Nucleons 

a. Protons 
b. Neutrons 

C. Structure of atoms (7) 
1. "Empty space" concept 
2. Nucleus 

a. Atomic number 
b. Isotopes 
c. Mass number 
d. Atomic mass (weight) 

3. Electrons 
D. Atomic structure models (8) 

1. Principal energy levels 
2. Quanta 
3. Spectral lines 

E. Orbital model of the atom (9) 
1. Energy levels 

a. Principal quantum numbers 
b. Sublevels 
c. Orbitals 

2. Electron configurations 
3. Valence electrons 

F. Ionization energy (11) 

11. Natural Radioactivity (11) 

A. Differences in emanations (12) 
1. Alpha decay 
2. Beta decay 
3. Gamma radiation 

B. Seoaratine emanations 1121 . , 
C. ~etection-of radioactivity (13) 
D. Half-life (13) 

UNIT 3 - BONDING (14) 

I. The Nature of Chemical Bonding (14) 

A .  Chemical energy (14) 
B. Energy changes in bonding (14) 
C. Bonding and stability (14) 
D. Electronegativity (14) 

11. Bonds Between Atoms (14) 

A. Ionic (15) 

vi 



TOPICAL OUTLINE 
IV. Chemistry of a Period (27) B. Covalent (15) 

1. Nonpolar covalent 
2. Polar covalent 
3. Coordinate covalent 
4. Molecular substances 
5. Network solids 

C. Metallic (17) 

111. Molecular Attraction (17) 

A. Dipoles (17) 
B. Hydrogen bonding (17) 
C. Van der Waals forces (17) 
D. Molecule-ion attraction (18) 

IV. Directional Nature of Covalent Bonds (18) 

V. Chemical Formula (18) 

R .  Symbol (18) 
B. Formula (19) 

1. Molecular 
2. Empirical 

VI. Naming and Writing Formulas of Chemical Compounds (19) 

VII. Chemical Equations (20) 

UNIT 4 - PERIODIC TABLE (21) 
n i s  material need not be taught as a un i t ,  but may 
be incorporated i n  various places i n  the sylZabus 
a t  the discretion o f  the teacher. 

I. Development of Periodic Table (21) 

11. Properties of Elements in the Periodic Table (21) 

A. Covalent atomic radius (21) 
B. Ionic radius (22) 
C. ?letals (22) 
D. Nonmetals (22) 
E. Metalloids (22) 

111. Chemistry of a Group (Family) (23) 

A. Groups IA and IIA (24) 
B. Groups VA and VIA (24) 
C. Group VIIA (26) 
D. Group 0 (26) 
E. Transition elements (27) 

UNIT 5 - MATHEMATICS OF CHEMISTRY (28) 
This material need not be taught as  a un i t ,  but may be incorporated 
i n  various pZaces i n  the syllabus a t  the discretion of  the teacher. 

I. Mole Interpretation (28) 

11. Use of the Mole Concept (28) 

A. Gram atomic mass (gram-atom) (28) 
B. Gram molecular mass (28) 
C. Molar volume of a gas (28) 

111. Stoichiometry (28) 

A. Problems involving formulas (29) 
1. Percent composition 
2. Empirical formula 

B. Problems involving equations (29) 
1. Mass problems 
2. Mass-volume problems 
3. Volume problems 

IV. Solutions (30) 

A. Methods of indicating concentrations (30) 
1. Molarity 

UNIT S X  - ADDITIONAL MATERIALS IN MATHEMATICS OF CHEMISTRY (32) 
Teachers who elect this Unit 5*  may wish to teach materials outlined 
here in the appropriate places in the syllabus. 

I. The Mole - Additional Problems (32) 
11. Formula from Percent Lomposition (33) 

111. Gram Molecular Mass from Gas Density (34) 

IV. Effect of Solute on Solvent (34) 

A. Boiling point elevation (34) 
B. Freezing point depression (34) 
C. Abnormal behavior of electrolytes (35) 

V. Calorimetry (35) 

A. Heat of vaporization - problems (35) 
B. Heat of fusion - problems (35) 



VI. Combined Gas Laws (35) 

VII. Graham's Law (35) 

UNIT 6 - KINETICS AND EQUILIBRIUM (36) 
I. Kinetics (36) 

A. Role of energy in reactions (36) 
1. Activation energy 
2. Heat (enthalpy) of reaction 
3. Potential energy diagram 

B. Factors affecting rate of reaction (37) 
1. Nature of the reactants 
2. Concentration 
3. Temperature 
4. Surface area 
5. Catalysts 

11. Equilibrium (39) 

A. Phase equilibrium (39) 
B. Solution equilibrium (39) 

1. Gases in liquids 
2. Solids in liquids 
3. Solubility 

C. Chemical equi librimn (40) 
1. LeChatelierls principle 

a. Effect of concentration 
b. Effect of pressure 
c. Effect of temperature 
d. Effect of catalyst 

2. Law of chemical equilibrium 

111. Spontaneous Reactions (43) 

A. Energy changes (43) 
B. Entropy changes (43) 

UNIT 6* - ADDITIONAL MATERIALS IN KINETICS AND EQUILIBRIUM (44) 
Teachers who elect this Unit 6' may wish to teach these 
outlined materials in the appropriate places in Unit 6. 

I. Free Energy Change (44) 

11. Predicting Spontaneous Reactions (44) 

111. Solubility Product Constant (K ) (45) 5P 

A. Common ion effect (45) 

TOPICAL OUTLINE 
UNIT 7 - ACIDS AND BASES (46) 

I. Electrolytes (46) 

11. Acids and Bases (46) 

A. Acids (46) 
1. Arrhenius' theory 
2. BrGnsted-Lowry theory 

B. Bases (48) 
1. Arrhenius' theory 
2. BrGnsted-Lowry theory 

C. Amphoteric (amphiprotic) substances (48) 

111. Acid-Base Reactions (48) 

A. Neutralization (48) 
1. Acid-base titration 
2. Salts 

B. Conjugate acid-base pair (49) 

IV. Ionization Constant (50) 

A. Kw (50) 
B. pli (51) 

UNIT 8 - REDOX AND ELECTROCHEMISTRY (52) 

I. Redox (Oxidation-Rcduction) (52) 

A. Oxidation (52) 
B. Reduction (52) 
C. Oxidation number (52) 
D. Redox reactions (54) 

11. Electrochemistry (54) 

A. Half-reactions (54) 
8. Half-cells (541 
C. Chemical ceils. (Electrochemical cells) (54) 
D. Electrolytic cells (54) 

111. Balancing Simple Redox Equations (55) 

UNIT B* - ADDITIONAL MATERIALS IN REDOX AND ELECTROCHEMISTRY (56) 
Teachers who elect this Unit 8* may wish to teach these outlined 
materials in the appropriate places in Unit 8. 

I. Standard Electrode Potentials (56) 



11. 

111. 

IV. 

v. 
VI. 

UNIT 9 - 
I. 

11. 

IV. 

A. Half-cell potential (56) 
B. Use of standard electrode potentials (56) 
C. Equilibrium (58) 

Chemical Cells - Calculations (58) 
Electrolytic Cell Reactions (59) 

Electrodes (59) 

A. Cathode (59) 
B. Anode (59) 

Electroplating (59) 

Balancing Redox Equations (60) 

ORGANIC CHEMISTRY (61) 

Definitions (61) 

Characteristics of Organic Compounds (61) 

A. Bonding (61) 
B. Structural fonrmlas (62) 
C. Isomers (62) 
0. Saturated and unsaturated compounds (62) 

Homologous Series of Hydrocarbons (62) 

A. Alkanes (63) 
B. Alkenes (63) 
C. Alkynes (63) 
D. Benzene series (63) 

Other Organic Compounds (64) 

A. Alcohols (65) 
1. Primary alcohols 

B. Organic acids (65) 

Organic Reactions (66) 

A. Substitution (66) 
B. Addition (66) 
C. Fermentation (67) 
D. Esterification (67) 
E. Saponification (67) 
F. Oxidation (67) 
G. Polymerization (67) 

TOPICAL OUTLINE 
UNIT 9* - ADDITIONAL MATERIALS IN ORGANIC CHEMISTRY (68) 
Teachers who elect this Unit 9' may wish to teach these out- 
lined materials in the appropriate places in Unit 9. 

I. Alcohols (68) 

A. Monohydroxy alcohols (68) 
1. Primary alcohols 
2. Secondary alcohols 
3. Tertiary alcohols 

B. Dihydroxy alcohols (68) 
C. Trihydroxy alcohols (69) 

11. Aldehydes (69) 

111. Ketones (70) 

IV. Ethers (70) 

V. Polymers (70) 

A. Condensation (70) 
0. Addition (71) 

UNIT lot - APPLICATIONS OF CHEMICAL PRINCIPLES (72) 
Teachers who elect this unit 10' may wish to teach materials outlined 
here in the appropriate places in the syllabus. 

I. Chemical Theory and Industry (72) 

11. Industrial Applications (72) 

A. Equilibrium and reaction rates (72) 
1. Haber process 
2. Contact process 

B. Redox (73) 
1. Reduction of metals 
2. Corrosion 
3. Batteries 

a. Lead-acid battery 
b. Nickel-cadmium battery 

C. Petroleum (75) 
1. Fractional distillation 
2. Cracking 



TOPICAL OUTLINE 

UNIT 11* - NUCLEAR CHEMISTRY (77) 

Teachers who elect this Unit 11* may wish to teach these 
outlined materials in the appropriate places in Unit 2. 

I. Artificial Radioactivity (77) 

A. Artificial transmutation (77) 
1. Accelerators 

11. Nuclear Energy (77) 

A. Fission reaction (77) 
1. Fuels 
2. Moderators 
3. Control rods 
4. Coolants 
5. Shielding 

B. Fusion reaction (78) 
1. Fuels 
2. High energy requirement 

C. Radioactive wastes (79) 
D. Uses of radioisotopes (79) 

1. Based on chemical reactivity 
2. Based on radioactivity 
3. Based on half-life 

UNIT 12* - LABORATORY ACTIVITIES (81) 
This unit is not intended to include all of the Regents 
Chemistry laboratory requirements. See introduction to 
Syllabus, p. iv. 

I. Measurement (81) 

11. Laboratory Skills (82) 

111. Laboratory Activities (83) 

IV. Laboratory Reports (84) 



Unit 1 - Matter and Energy f&uestions based on t h i s  material may appear i n  Parts I and/or II of the Regents momination.) Unit 1 - 1 
Understandings Fundamental Concepts 

I. Definition of Chemistry Chemistry is the study of the composition, 
structure and properties of matter, the changes 
which matter undergoes, and the energy 
accompanying these changes. 

11. Matter 

A. Substances 

1. Elements 

2. Conrpounds 

B. Mixtures 

111. Energy 

A. Forms of energy 

Supplementary Information 

A substance is any variety of matter all specimens All samples of a particular substance have 
of which have identical properties and composition. the same heat of vaporization, melting 

point, boiling point, and other properties 
related to composition which can be used 
for identification. 

A substance is homogeneous. 

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

For the purpose of Regents &nations, 
the s l igh t  differences i n  composition of a 
substance due t o  differences i n  i so top ic  
masses w i l l  not be considered. 

All samples of an element are composed of 
atoms with the same atomic number. 

Acompound is a substance which can be decomposed All samples of a compound have identical 
by a chemical change. A compound is composed of composition. Binary compounds are 
two or more different elements chemically compounds consisting of only two elements. 
combined in a definite ratio. 

A mixture consists of two or more distinct substances Mixtures may be homogeneous (example, 
differing in properties and composition. The solutions or mixtures of gases) or 
composition of a mixture can be varied. heterogeneous (example, a mixture of iron 

and sulfur). 

Heat, light, and electricity are forms of energy. 

Energy may be converted from one form to another Examples should include reactions involving 
but is never destroyed in a change. a variety of forms of energy. 

B. Energy and Chemical Energy is either absorbed or given Energy is absorbed by molecules when 
Change off in chemical changes. chemical bonds are broken. Energy 

is liberated when stronger bonds are 
formed. This concept is developed 
in Units 5 and 6. 

Although it is sometimes convenient to 
distinguish between physical changes and 
chemical changes, the distinction is not 
clear-cut and to most scientists is of 
little importance. 



Unit 1 - Matter and Energy (Guestions based on t h i s  material may appear i n  Parts I &/or 11 of the Regents exantination.! Unit 1 - 2 
Topics 

1. Exothermic reaction 

2. Endothermic reaction 

C. Measurement of energy 

1. Calorie 

2. Thermometry 

a. Fixed points on 
a thermometer 

IV. Phases of Matter 

Understandings Fundamental Concepts Supplementary Information 

Energy is released in an exothermic reaction. The role of energy in reactions is developed 
in Unit 6 and Unit lo*. 

Energy is absorbed in an endothermic reaction. 

Because energy in various forms may be converted 
to heat, the chemist uses heat units (calories 
or kilocalories) to measure the energies involved 
in chemical reactions. 

One calorie is the amount of heat required to 
raise the temperature of one gram of water one 
Celsius degree. 

One kilocalorie is equivalent to 1000 calories. 

Temperatures are indicators of the direction 
in which heat will flow. Heat flows 
spontaneously from a body.at higher temperature 
to a body at a lower temperature. 

The fixed points on a thermometer are the 
ice-water equilibrium temperature at 1 
atmosphere pressure, and the steam-water 
equilibrium temperature at 1 atmosphere 
pressure. 

On the Celsius scale the ice-water equilibrium 
temperature occurs at 0°C and the steam-water 
equilibrium temperature occurs at 100'C. 

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

Change of phase of a substance is accompanied 
by the absorption or release of heat. 

For s c i en t i f i c  un i f omi t y  the term "CeZsius" 
w i Z Z  be used. 

For the purpose of  Regents exminations t h i s  
def ini t ion of caZorie w i Z Z  be used. 

The temperature of a body is a measure of 
the average kinetic energy of its particles. 

At the same temperature, the average kinetic 
energy of the particles of all bodies is 
the same. 

Another scale frequently used in science is 
the Kelvin (Absolute) scale on which the 
ice-water equilibrium temperature occurs at 
273 K and the steam-water equlibrium 
temperature occurs at 373 K. 

The term "phase" is used instead of "state" 
to avoid confusion with other conditions 
such as "state of equilibrium." 

Beating curves should be constructed i n  
which the temperature i s  pZotted against the 
time mcring which heat i s  added t o  a 
substance a t  a constant rate.  Students 
shouZd be abZe t o  interpret  both heating 
and cooling curves. 



Unit 1 - Matter and Energy (mes t ions  based on t h i s  material may appear i n  Parts I and/or II o f  the Regents e d n a t i o n . 1  Unit 1 - 3 
Topics 

A. Gases 

1. Boyle's law 

2. Charles' law 

Understandings Fundamental Concepts Supplementary Information 

Time + 

This curve, if read from right to left, 
would illustrate a cooling curve. 

Gases take the shape and volume of the 
container. 

See also Vnit  5*, V p. 35. 

At constant temperature, the volume of a given It is useful to introduce the equation 
mass of gas varies inversely with the pressure PV = k as an introduction to constants. 
exerted on it. 

Students should be able t o  predict the 
direction o f  the chanoe i n  volume with a 

At constant pressure, the volume of a given 
mass of gas varies directly with the Kelvin 
(Absolute) temperature. 

specified &nge i n  p;essure a t  constant 
temperature. Minimum requirements w i Z Z  be 
limited t o  simple mathematical reZat iaships .  

The Kelvin (Absolute) temperature scale has 
its zero point at -273'C with the size of 
the degrees the same as on the Celsius scale. 

The volume of a gas decreases by 1/273 of 
its volume at O'C for each decrease of 1°C, 
provided the pressure remains constant. 

While the basis for the Kelvin (Absolute) 
scale could be extra~olated from data 
relating to Charles' law experiments, it 
should be pointed out that absolute zero has 
not been rkached, and that all gases liquefy 
before that point. 

Students should be abte t o  predict the 
direct ion o f  the charwe i n  vo lme  with a 
soeci f ied chrmoe i n  t&erature a t  constant 
b e s h e .  ~ in&mm reqkrementa w i Z Z  be 
limited t o  simple mathematical r e la t i a sh ip s .  



Unit 1 - Matter and Energy (Questions based on t h i s  material may appear i n  P o t s  I and/or 11 of the Regents ex&nation.J Unit 1 - 4 
Topics Understandings Fundamental Concepts 

3. Standard temperature Standard temperature and pressure (STP) of a gas are 
and pressure (STP) defined as O D C  (273 K) and 760 mm of mercury 

(760 torr), or 1 atmosphere pressure. 

4. Partial pressures The pressure exerted by each of the gases in a 
gas mixture is called the partial pressure of 
that gas. 

5. Kinetic theory Study of gas behavior has led to a model 
based on the following assumptions: 

A gas is composed of individual particles 
which are in continuous, random, straight- 
line motion. 

Collisions between gas particles may result 
in a transfer of energy between particles, 
but the net total energy of the system 
remains constant. 

The volume of the gas particles themselves 
is ignored in comparison with the volume of 
the space in which they are contained. 

Gas particles are considered as having no 
attraction for each other. 

6. Deviations from Deviations from the gas laws occur because 
the gas laws the model is not perfect; the gas particles 

do have volume and do exert some 
attraction for each other. 

Supplementary Information - 
Except for gases, standard temperature is 
usually 2S°C (29R K ) .  

Since the volume of a given mass of gas 
varies with change in temperature and 
pressure, gas volumes are usually calculated 
to an arbitrary standard, STP. 

The total pressure of a gas mixture is equal 
to the sum of the individual partial 
pressures of the gases comprising the 
mixture. 

In explaining and interpreting observed 
behavior, i t  i s  of ten convenient t o  use a 
model, which may be a "picture," a 
mathematical expression, or some other 
mechanism. Such models can be useful i n  
the study of the behavior o f  gases. I t  
should be emphasized that the model i s  only 
an approxicimation and i s  only as good as i t s  
ab i l i t y  t o  predict behmior zmder new 
conditions. 

Not all of the particles of a gas have the 
same kinetic energy, but the average kinetic 
energy is proportional to the measured Kelvin 
(Absolute) temperature of the gas. 

A gas which would conform strictly to the 
model would be an ideal gas. However, the 
model does not exactly represent any gas 
under all conditions. No real gas is ideal 
under all conditions of temperature and 
pressure. 



Unit 1 - Matter and Energy (Questions based on th i s  materiaZ may appear i n  Parts I and/or 11 

Topics 

7. Avogadro's 
hypothesis 

B. Liquids 

1. Vapor pressure 

2. Boiling point 

Understandings Fundamental Concepts 

These factors become significant when the space 
between gas particles is reduced, as in conditions 
of relatively high pressure and low temperature. 

Equal volumes of all gases under the same 
conditions of temperature and pressure contain 
equal numbers of particles. 

The amount of matter that contains 6.02 x loz3 
(Avogadro's number) particles is called a mole of 
matter. One mole of any substance contains as many 
particles (molecules, atoms, ions, etc.) as there 
are atoms of "C in 12.000g of lZC isotope. 

A mole of particles of any gas occupies a volume 
of 22.4 liters at STP. 

Liquids have definite volume but take the shape 
of the container. 

When a liquid substance changes to a gas the 
process is called evaporation. Evaporation tends 
to take place at the surface of a liquid and at 
all temperatures. 

In a closed system the vapor (gas) produced 
exerts a pressure which increases as the 
temperature of the liquid is raised and is 
specific for each substance and temperature. 

A liquid will boil at the 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. 

of the Regents ezmination.l Unit 1 - 5 
Supplementary Information 

ExperimentaZ data (graphs) may be presented 
t o  show deviations from predicted values. 
Students should be encouraged t o  spentZate 
as t o  the cause of these deviations. 
(Refer t o  Unit 3, van der WaaZs forces, 

p. 17.) 

For example, at the same temperature and 
pressure, the number of particles in 1 liter 
of hydrogen is the same as the number of 
particles in 1 liter of oxygen although the 
individual particles of oxygen are heavier 
and larger than the individual particles of 
hydrogen. 

Since it is inconvenient to work with 
individual particles (atoms, molecules, 
ions, electrons, etc.), chemists have chosen 
a unit containing many particles for 
comparing amounts of different materials. 
The mole is a unit which contains 
6.02 x loz3 particles. 

Particles of a liquid have no regular 
arrangement and are in constant motion. 

The term "vapor" is frequently used to refer 
to the gas phase of a substance that is 
normally a liquid or solid at room 
temperature. 

Demonstratias o f  the vapor pressure of  a 
few liquids a t  various temperatures should 
be sh-. The vmor vress&e o f  water a t  
various temperat&es 2s given i n  the 
Reference TabZes for Chemistry. 

Usually when reference is made to the 
"boiling point" of a substance, it is the 
normal boiling point that is indicated. 



Unit 1 - 6 Unit 1 - Matter and Energy if&estions based on t h i s  materia2 mzg appear i n  Parts I and/or II of  the Regents examination.) 

Topics 

3. Heat of 
vaporization 

C. Solids 

1. Crystals 

2. Melting point 

Understandings and Fundamental Concepts Supplementary Information 

The energy required to vaporize a unit mass of a The energy involved in the change of phase 
liquid at constant temperature is called its heat is required to overcome the forces of 
of vaporization. attraction between particles and does not 

increase their average kinetic energy. Thus 
there is no increase in temperature during 
this phase change. 

Solids have definite shape and volume. 

All true solids have crystalline structure. 

Crystals contain particles arranged in a 
regular geometric pattern. 

Particles are constantly vibrating even in 
the solid phase. 

The normal melting point is the temperature 
at which a solid substance will change to a 
liquid at 1 atmosphere pressure. 

3. Heat of fusion The energy required to change a unit mass of 
a solid to a liquid at constant temperature 
is called its heat of fusion. 

4. Sublimation Sublimation is a change from the solid phase 
directly to the gas phase without passing 
through an apparent liquid phase. 

For the purpose o f  the Regents e d n a t i o n s ,  
heat o f  vaporization a t  the n o m Z  b d t i n g  
temperature w i l l  be used. See aZso Onit 5*, 
V, A .  p. 35. 

Certain materials often considered solids 
are really super-cooled liquids; for example, 
glass, some plastics. 

In solids, although the particles are 
vibrating, they do not change their relative 
positions in the regular geometric pattern. 

Melting points can be determined from 
cooling curves which are obtained 

A melting point may also be defined as the 
temperature at which the solid and liquid 
phases can exist in equilibrium. 

See a l so  [hlit 5*, V, a, p. 35. 

For the purpose of Regents azmninations t h i s  
de f in i t ion  of Sublimation d l 2  be used. 
Solids that sublime have high vapor 
pressures and low intermolecular attractions. 
Examples of solids that sublime at room 
temperature are solid carbon dioxide (dry 
ice), solid iodine, and naphthalene. 



Unit 2 - Atomic Structure (Questions based on th i s  materiaZ may appear i n  Parts I and/or 

Topics 
I. Atoms 

A. Introduction to atomic 
structure 

6. Important subatomic 
particles 

1. Electrons 

2. Nucleons 

a. Protons 

b. Neutrons 

C. Structure of atoms 

1. "Empty space" 
concept 

2. Nucleus 

a. Atomic number 

Understandings Fundamental Concepts 

Our concept of the nature of the atom has 
undergone change and will probably continue to 
do so. 

The atom is a complex unit of various particles 

An electron has a mass of approximately 1/1836 
of a proton and a unit negative charge. 

The particles which compose the nucleus are 
called nucleons. 

A proton has a mass of approximately one atomic 
mass unit and a unit positive charge. 

A neutron has a mass of approximately one atomic 
mass unit and zero charge. 

Atoms differ in the number of protons and 
neutrons in the nucleus and in the configuration 
of electrons surrounding the nucleus. 

Most of the atom consists of empty space. 

The mass of the atom is concentrated almost 
entirely in the nucleus. 

The atmic number indicates the number of 
protons in the nucleus. 

II  of the Regents exonination.) Unit 2 - 1 

Supplementary Information 

Teachers shouM acquaint pupiZs with a t  
least a brief  history o f  the deveZopment of 
the theory o f  atomic structure. 

A n  atomic mass unit is defined as exactly 
1/12 the mass of the " C  atom. 

Although protons and neutrons are the only 
nuclear particles that have been identified 
in an intact nucleus, other particles have 
been identified amone the break-down Droducts 
of certain nuclear drsintegrations. h e  
relations hi^ of these particles to the 
structure and stability of the nucleus is 
the subject of much current research. 

Rutherford's gold foil experiments indicated 
the atom to be mostly empty space with the 
size of the nucleus very small compared to 
the size of the atom. 

The nature of the forces holding nuclear 
particles together is not adequately 
understood and is the subject of much 
current research. 

Teachers may wish t o  dismcss MoseZey ' 8  work 
on the X-ray spectra i n  relation t o  the 
determination o f  the atomic numbers. 
MoseZey's experiments measured the charge on 
the nucZeus i n  units  of etementary charge, 
which i s  interpreted as the number o f  
protons i n  the nucteus. 



Unit 2 - Atomic Structure (Guestions based on t h i s  materiat may appear i n  Parts I and/or I1 of the Regents ezmrination.) Unit 2 - 2 

Understandings and Fundamental Concepts Supplementary Information 

b. Isotopes Isotopes are atoms with the same atomic number The atomic number identifies the element 
but a different number of neutrons. The difference in the number of neutrons 

affects the mass of the atom. 
For a given element the number of protons in 
the nucleus remains constant, but the number of 
neutrons may vary. 

c. Mass number The mass number indicates the total number of 
protons and neutrons. 

d. Atomic mass The mass of a neutral atom, atomic mass, is 
(weight) measured in atomic mass units based on "C 

equal to 12.000 atomic mass units. 

3. Electrons 

D. Atomic structure 
lnodels 

The atomic mass of an element given in the 
Reference Tables for Chemistry is the weighted 
average mass of the naturally occurring isotopes 
of that element. This average is weighted 
according to the proportions in which the isotopes 
occur. 

The gram atomic mass (the mass of one mole of atoms) 
of an element is the mass in grams of Avogadrols 
number of atoms of that element as it occurs naturally. 

Since the masses of the protons and neutrons 
are each approximately one, the mass number 
approximates the mass of the isotope. The 
number of neutrons in an atom can be 
calculated by subtracting the atomic number 
from the mass number. 

The electrons are outside the nucleus at 
various energy levels. 

In a neutral atom the total number of electrons 
is equal to the number of protons in the nucleus. 

The model for atomic structure of the elements has 
passed through many stages of development. 

In the Bohr model, electrons were considered to 
revolve around the nucleus in one of several 
concentric circular orbits. 

(8) 

Most elements occur naturally as mixtures of 
isotopes. This accounts for fractional 
atomic masses found in reference tables. In 
general, the mass number of the most abundant 
isotope of an element can be determined by 
rounding off the atomic mass of the element 
to the nearest whole number. 

The atomic mass (weight) of a single atom 
(isotope) such as neon-20 is 19.992 amu 
while the atomic mass (weight) of the 
element neon (which is the weighted average 
of all its natural isotopes) is 20.183 amu. 

The gram atomic mass is numerically equal 
to the atomic mass. See also Unit 5, 
Section 11, A, p. 28. 

ModeZs should be used t o  represent atomic 
structure. I t  shouZd be pointed out t o  the 
student that these mode28 are approrcimations 
and do not picture the actual atom. Students 
shouZd be able t o  represent probabte 
s tmr tures  of atoms and ions ad t o  indicate 
eZectronic charges using the model. 



Unit 2 - Atomic Structure (Questias based on this materia2 may appear in Parts I and/or 

Topics 

1. Principal energy 
levels 

2. Quanta 

3. Spectral lines 

E. Orbital model of the 
atom 

1. Energy levels 

a. Principal 
quantum numbers 

Understandings Fundamental Concepts 

The principal energy levels 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 are at lower 
energy levels than those in orbits farther from 
the nucleus. 

When atoms absorb energy, electrons may shift 
to a higher energy level. 

The excited state is unstable, and the electrons 
fall back to lower energy levels. 

Electrons can absorb energy only in discrete 
amounts called quanta. 

When electrons return to a lower energy level, 
energy is emitted in quanta. 

When electrons in an atom in the excited state 
return to lower energy levels, the energy is emitted 
as radiant energy of specific frequency, producing 
characteristic spectral lines which can be used to 
identify the element. 

The orbital model differs from the Bohr model in 
that it does not represent electrons as moving in 
planetary orbits around the nucleus. 

The term orbital refers to the average region of 
most probable electron location. Electrons occupy 
orbitals that may differ in size, shape, or 
orientation in space. 

The energy levels of electrons within an atom 
are represented by quantum numbers. 

The principal quantum number (n) represents the 
principal energy level. 

b. Sublevels The principal energy levels may be divided into 
sublevels. 

11 of the Regents examination.) Unit 2 - 3 
Supplementary Information 

The principal energy level approximates how 
far the electron is from the nucleus. 

When the electrons are in the lowest 
available energy levels the atom is said 
to be in the "ground state." 

When electrons have absorbed energy and 
shifted to higher energy levels, the atom 
is said to be in an "excited state." 

The study of spectral lines has provided 
much of the evidence regarding energy levels 
within the atom. 

Although Bohr's model accounted for the 
lines of the hydrogen spectrum, it did not 
account for the spectra of heavier and more 
complicated atoms. 

The principal quantum number (n) is equal to 
the number of the principal energy level as 
referred to under the Bohr atom and is the 
same as the period number in the periodic 
table. 

Additional spectral lines appearing in the 
spectrum of atoms heavier than hydrogen can 
be explained only by assuming that the 
principal energy levels are divided into 
sublevels. 


