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The Physical Nature of Matter  

Essential 
Questions 

Content Skills Vocabulary Assessments Lessons ResourcesStandards 

How does 
the motion 
and 
velocity of 
particles in 
matter 
affect their 
properties?  

1. Definition 
of Chemistry 
2. Matter 
     a.  Kinetic 
Molecular 
Theory 
     b.  
Classification 
of Matter 
3. Phases of 
Matter 
     a.  Gases 
          1. Gas 
Laws 
          2. Ideal 
and Real 
Gases 
     b. Liquids 
          1. 
Vapor 
Pressure 
          2. 
Boiling 
Points 
     c. Solids  
 
4. Energy 
     a.  
calorimetry 
     b.  heating 
and cooling 
curves 
     c. 
temperature 
conversions  

1. Use a simple 
particle model to 
differentiate 
among 
properties of a 
solid, a liquid, 
and a gas. 
 
2. Use particle 
models/diagrams 
to differentiate 
among elements, 
compounds, and 
mixtures. 
 
3. Describe the 
process and use 
of filtration, 
distillation, and 
chromatography 
in the separation 
of a mixture. 
 
4. Interpret and 
construct 
solubility 
curves. 
 
5. Use solubility 
curves to 
distinguish 
among saturated, 
supersaturated 
and unsaturated 
solutions. 
 
6. Apply the 

1. Chemistry
2. 
condensation
3. deposition
4. freezing 
5. fusion 
6. gaseous 
phase 
7. heat 
8. heat of 
fusion 
9. heat of 
vaporization
10. kinetic 
molecular 
theory 
11. liquid 
phase 
12. solid 
phase 
13. 
sublimation
14. 
temperature
15. 
vaporization 

Matter Quiz 
9/13/2011 
Calorimetry Quiz 
9/19/2011 
Significant Figures 
Quiz 9/24/2011 
Heating and 
Cooling Curve Quiz 
9/27/2011 
Boyle's/Charles's 
Law Quiz 
9/30/2100 
Kinetic Theory 
Quiz 10/5/2011 
Heat of 
Fusion/Vaporization 
Quiz 10/12/2011 
Unit 1 Test 
10/14/2011  

    C.4.PS3.1dd
Compounds
be differenti
by their 
physical and
chemical 
properties. 
C.4.PS3.1nn
Differences 
properties su
as density, 
particle size
molecular 
polarity, boi
and freezing
points, and 
solubility 
permit phys
separation o
the compon
of the mixtu
C.4.PS3.1q-
Matter is 
classified as
pure substan
or as a mixtu
of substance
C.4.PS3.1r-A
pure substan
(element or 
compound) 
a constant 
composition
and constan
properties 
throughout a
given sampl



adage "like 
dissolves like" 
to real-world 
situations. 
 
7. Distinguish 
between heat 
energy and 
temperature in 
terms of 
molecular 
motion and 
amount of 
matter. 
 
8. Qualitatively 
interpret heating 
and cooling 
curves in terms 
of changes in 
kinetic and 
potential energy, 
heat of 
vaporization, 
heat of fusion, 
and phase 
changes. 
 
9. Distinguish 
between heat 
energy and 
temperature in 
terms of 
molecular 
motion and 
amount of 
matter. 
 
10. Explain 
phase changes in 
terms of the 
changes in 
energy and 
intermolecular 
distance. 
 

and from 
sample to 
sample.  
C.4.PS3.1t-T
proportions 
components
mixture can
varied. Each
component i
mixture reta
its original 
properties. 
C.4.PS3.1u-
Elements ar
substances t
are compose
atoms that h
the same ato
number. 
Elements ca
be broken d
by chemical
change.  
C.4.PS3.1jj-
structure an
arrangemen
particles and
their 
interactions 
determine th
physical stat
a substance 
given 
temperature
pressure.  
C.4.PS3.1kk
The three 
phases of m
(solids, liqu
and gases) h
different 
properties. 
C.4.PS3.1oo
solution is a
homogeneou
mixture of a



11. Explain the 
gas laws in 
terms ofKMT.  
 
12. Solve 
problems, using 
the combined 
gas law. 
 
13. Convert 
temperatures in 
Celsius degrees 
(oC) to Kelvins 
(K), and Kelvins 
to Celsius 
degrees. 
 
14. qualitatively 
interpret heating 
and cooling 
curves in terms 
of changes in 
kinetic and 
potential energy, 
heat of 
vaporization, 
heat of fusion, 
and phase 
changes. 
 
15. Calculate the 
heat involved in 
a phase or 
temperature 
change for a 
given sample of 
matter. 
 
16. Explain 
phase change in 
terms of the 
changes in 
energy and 
intermolecular 
distances. 
 

solute disso
in a solvent.
The solubili
of a solute in
given amoun
solvent is 
dependent o
the temperat
the pressure
and the 
chemical 
natures of th
solute and 
solvent.  
C.4.PS3.2a-
Aphysical 
change resu
in the 
rearrangeme
of existing 
particles in a
substance. A
chemical 
change resu
in the forma
of different 
substances w
changed 
properties. 
C.4.PS3.4a-
concept of a
ideal gas is 
model to 
explain the 
behavior of 
gases. A rea
gas is most 
an ideal gas
when the rea
gas is at low
pressure and
high 
temperature
C.4.PS3.4b-
Kinetic 
molecular 



17. Distinguish 
between 
endothermic and 
exothermic 
reactions, using 
energy terms in 
a reaction 
equation, "H, 
potential energy 
diagrams or 
experimental 
data. 
 
18. Use a simple 
particle model to 
differentiate 
among 
properties of 
solids, liquids, 
and gases. 
 
19. Explain 
vapor pressure, 
evaporation rate, 
and phase 
changes in terms 
of 
intermolecular 
forces. 
 
20. Compare the 
physical 
properties of 
substances based 
upon chemical 
bonds and 
intermolecular 
forces.  

theory (KM
for an ideal 
states that al
gas particles
â€¢ are in 
random, 
constant, 
straight-line
motion.: â€¢
separated by
great distanc
relative to th
size; the vol
of the gas: 
particles is 
considered 
negligible.: 
have no 
attractive fo
between the
â€¢ have 
collisions th
may result i
transfer of 
energy betw
gas particles
but: the tota
energy of th
system rema
constant.: 
C.4.PS4.1b-
Chemical an
physical 
changes can
exothermic 
endothermic
C.4.PS4.2c-
concepts of 
kinetic and 
potential en
can be used 
explain phy
processes th
include: fus
(melting), 
solidificatio



(freezing), 
vaporization
(boiling, 
evaporation
condensatio
sublimation
and depositi
C.4.PS4.2a-
Heat is a 
transfer of 
energy (usu
thermal ener
from a body
higher 
temperature
body of low
temperature
Thermal ene
is the energy
associated w
the random 
motion of at
and molecul
C.4.PS4.2b-
Temperature
a measurem
of the avera
kinetic energ
of the partic
in a sample 
material. 
Temperature
not a form o
energy. 
C.4.PS3.3a-
all chemical
reactions the
is a 
conservation
mass, energ
and charge. 
C.4.PS4.1-T
Physical Set
- Energy exi
in many form
and when th



forms chang
energy is 
conserved. 
Observe and
describe 
transmission
various form
energy. 
C.4.PS4.2-T
Physical Set
- Energy exi
in many form
and when th
forms chang
energy is 
conserved. 
Explain hea
terms of kin
molecular 
theory. 
C.4.PS4.4-T
Physical Set
- Energy exi
in many form
and when th
forms chang
energy is 
conserved. 
Explain the 
benefits and
risks of 
radioactivity
C.4.PS4.1a-
Energy can 
exist in diffe
forms, such 
chemical, 
electrical, 
electromagn
thermal, 
mechanical,
nuclear.     

O 
c 
t 

Atomic Structure  

Essential Content Skills Vocabulary Assessments Lessons Resources Standards



o 
b 
e 
r 

Questions 

What are 
atoms made 
of?  

1. History of 
Atomic 
Theory 
     a.  
Scientists 
     b.  
Experiments 
     c.  Model 
2.  
Subatomic 
Particles 
3. Atomic 
Structure 
     a. Mass 
Number 
     b. 
Average 
Atomic 
Mass 
     c. 
Isotopes 
     d. Ions  

1. Relate 
experimental 
evidence to 
models of the 
atom. 
 
2. Use models 
to describe the 
structure of an 
atom. 
 
3. Determine 
the number of 
protons or 
electrons in an 
atom or ion 
when given 
one of these 
values. 
 
4. Calculate 
the mass of an 
atom, the 
number of 
neutrons or the 
number of 
protons, given 
the other two 
values. 
 
5. Distinguish 
between 
ground state 
and excited 
state electron 
configurations.
 
6. Identify an 
element by 
comparing its 
bright-line 
spectrum to 
given spectra.
 

1. atom 
2. atomic 
mass 
3. atomic 
mass unit 
4. atomic 
number 
5. compound
6. electron 
7. element 
8. excited 
state 
9. ground 
state 
10. 
heterogeneous
11. 
homogeneous
12. isotope 
13. mass 
number 
14. mixture 
15. neutron 
16. nucleus 
17. orbital 
18. proton 
19. wave-
mechanical 
model  

Element Data 
Quiz 
10/20/2011 
Ion/Isotope 
Quiz 
10/26/2011 
Electron 
Configuration 
Quiz 
11/1/2011 
Unit 2 Test 
11/7/2011  

    C.4.PS3.1
The mode
model of t
atom has 
evolved o
a long per
of time 
through th
work of m
scientists.
C.4.PS3.1
Each atom
has a nucl
with an 
overall 
positive 
charge, 
surrounde
negatively
charged 
electrons.
C.4.PS3.1
Subatomi
particles 
contained
the nucleu
include 
protons an
neutrons. 
C.4.PS3.1
The proto
positively
charged, a
the neutro
has no cha
The electr
is negativ
charged. 
C.4.PS3.1
Protons an
electrons 
equal but 
opposite 
charges. T



7. Distinguish 
between 
valence and 
non-valence 
electrons, 
given an 
electron 
configuration.
 
8. Draw a 
Lewis 
electron-dot 
structure of an 
atom. 
 
9. Given an 
atomic mass, 
determine the 
most abundant 
isotope. 
 
10. Calculate 
the atomic 
mass of an 
element, given 
the masses and 
ratios of 
naturally 
occurring 
isotopes. 
 
  

number of
protons 
equals the
number of
electrons 
an atom. 
C.4.PS3.1
The mass 
each proto
and each 
neutron is
approxim
equal to o
atomic ma
unit. An 
electron is
much less
massive th
a proton o
neutron. 
C.4.PS3.1
the wave-
mechanic
model 
(electron 
cloud mod
the electro
are in orb
which are
defined as
regions of
most prob
electron 
location 
(ground 
state).  
C.4.PS3.1
Each elec
in an atom
has its ow
distinct 
amount of
energy. 
C.4.PS3.1
When an 
electron in



atom gain
specific 
amount of
energy, th
electron is
a higher 
energy sta
(excited 
state).  
C.4.PS3.1
When an 
electron 
returns fro
higher ene
state to a 
lower ene
state, a 
specific 
amount of
energy is 
emitted. T
emitted 
energy ca
used to 
identify an
element. 
C.4.PS3.1
Entropy is
measure o
the 
randomne
or disorde
a system. 
system wi
greater 
disorder h
greater 
entropy. 
C.4.PS3.1
Atoms of 
element th
contain th
same num
of protons
a differen
number of



neutrons a
called 
isotopes o
that eleme
C.4.PS5.2
When an 
atom gain
one or mo
electrons,
becomes a
negative i
and its rad
increases.
When an 
atom lose
one or mo
electrons,
becomes a
positive io
and its rad
decreases  

N 
o 
v 
e 
m 
b 
e 
r 

Nuclear Chemistry  

Essential 
Questions 

Content Skills Vocabulary Assessments Lessons Resources Standards 

  1.  
Radioactivity 
     a.  
emissions 
     b.  half-
life 
     c.  
decay/natural 
transmutation 
2.  Nuclear 
Energy 
     
a.  artificial 
transmutation 
     b.  fission 
     c.  fusion  
3.  Medical 
Applications  

1. Calculate 
the initial 
amount, the 
fraction 
remaining, or 
the halflife of 
a radioactive 
isotope, 
given two of 
the three 
variables. 
 
2. Determine 
decay mode 
and write 
nuclear 
equations 
showing 
alpha and 
beta decay. 

1. alpha 
particle 
2. artifical 
transmutation
3. beta 
particle 
4. fission 
5. fusion 
6. gamma ray
7. half-life 
8. 
radioisotope 
9. tracer 
10.natural 
transmutation 

      C.4.PS3.1m
Atoms of an
element that
contain the 
same numbe
protons but 
different 
number of 
neutrons are
called isotop
of that elem
C.4.PS3.1n-
average atom
mass of an 
element is th
weighted 
average of t
masses of it
naturally 
occurring 



 
3. Compare 
and contrast 
fission and 
fusion 
reactions. 
 
4. Complete 
nuclear 
equations; 
predict 
missing 
particles from 
nuclear 
equations. 
 
5. Identify 
specific uses 
of some 
common 
radioisotopes, 
such as: I-
131 in 
diagnosing 
and treating 
thyroid 
disorders; C-
14 to C-12 
ratio in 
dating living 
organisms; 
U-238 to Pb-
206 ratio in 
dating 
geological 
formations; 
Co-60 in 
treating 
cancer. 
  

isotopes.  
C.4.PS3.1o-
Stability of 
isotope is ba
on the ratio 
neutrons and
protons in it
nucleus. 
Although m
nuclei are 
stable, some
unstable and
spontaneous
decay, emitt
radiation. 
C.4.PS3.1p-
Spontaneou
decay can 
involve the 
release of al
particles, be
particles, 
positrons, 
and/or gamm
radiation fro
the nucleus 
an unstable 
isotope. The
emissions d
in mass, cha
ionizing pow
and penetrat
power. 
Spontaneou
decay can 
involve the 
release of al
particles, be
particles, 
positrons, 
and/or gamm
radiation fro
the nucleus 
an unstable 
isotope. The
emissions d



in mass, cha
ionizing pow
and penetrat
power.  
C.4.PS4.4d-
Radioactive
isotopes hav
many benefi
uses. 
Radioactive
isotopes are
used in 
medicine an
industrial 
chemistry fo
radioactive 
dating, traci
chemical an
biological 
processes, 
industrial 
measuremen
nuclear pow
and detectio
and treatmen
diseases. 
C.4.PS4.4e-
There are 
inherent risk
associated w
radioactivity
and the use 
radioactive 
isotopes. Ri
can include 
biological 
exposure, lo
term storage
and disposa
and nuclear 
accidents. 
C.4.PS4.4f-
There are 
benefits and
risks associa
with fission 



fusion react
C.4.PS4.1a-
Energy can 
exist in diffe
forms, such 
chemical, 
electrical, 
electromagn
thermal, 
mechanical,
nuclear.  
C.4.PS4.4a-
Each 
radioactive 
isotope has 
specific mod
and rate of 
decay (half-
life). 
C.4.PS4.4b-
Nuclear 
reactions 
include natu
and artificia
transmutatio
fission, and 
fusion. 
C.4.PS4.4c-
Nuclear 
reactions ca
represented 
equations th
include sym
which repre
atomic nucl
(with mass 
number and
atomic num
subatomic 
particles (w
mass numbe
and charge)
and/or 
emissions su
as gamma 
radiation. 



C.4.PS5.3a-
change in th
nucleus of a
atom that 
converts it f
one element
another is ca
transmutatio
This can occ
naturally or 
be induced b
the 
bombardme
the nucleus 
high-energy
particles. 
C.4.PS5.3b-
Energy relea
in a nuclear 
reaction (fis
or fusion) 
comes from
fractional 
amount of m
that is conve
into energy.
Nuclear cha
convert mat
into energy.
C.4.PS5.3c-
Energy relea
during nucle
reactions is 
much greate
than the ene
released dur
chemical 
reactions.    

D 
e 
c 
e 
m 
b 
e 

Periodic Table  

Essential 
Questions 

Content Skills Vocabulary Assessments Lessons Resources Standards 

  1.  
Development 
of the 

1. Explain 
the 
placement 

1. atomic radius
2. 
electronegativity

Periodic 
Table Quiz 
1 

    C.4.PS5.2b-Ato
attain a stable 
valence electron



r Periodic 
Table 
2.  Properties 
and Trends 
of the 
Elements 
     a.  
Groups, 
trends 
     
b.  Perionds, 
trends  

of an 
unknown 
element in 
the 
Periodic 
Table 
based on 
its 
properties.
 
2. Interpret 
and write 
isotopic 
notation. 
 
3. Classify 
elements 
as metals, 
nonmetals, 
metalloids, 
or noble 
gases by 
their 
properties.
 
4. 
Describe 
the states 
of the 
elements 
at STP. 
 
5. 
Determine 
the group 
of an 
element, 
given the 
chemical 
formula of 
a 
compound, 
e.g., XCl 
or XCl2. 
 
6. 

3. family 
4. group 
5. ionic radius 
6. ionization 
energy 
7. metal 
8. metalloid 
9. noble gas 
10. nonmetal 
11. periodic law
12. period  

11/30/2011
Periodic 
Table Quiz 
2 12/6/2011
Periodic 
Table Quiz 
3 12/9/2011
Periodic 
Table Quiz 
4 
12/12/2011
Periodic 
Table Quiz 
5 
12/18/2011
Periodic 
Table Test 
12/21/2011 

configuration by
bonding with ot
atoms. Noble ga
have stable vale
configurations a
tend not to bond
C.4.PS5.2f-Som
elements exist in
two or more for
in the same phas
These forms dif
in their molecul
crystal structure
and hence in the
properties. 
C.4.PS3.1v-
Elements can be
classified by the
properties and 
located on the 
Periodic Table a
metals, nonmeta
metalloids (B, S
Ge, As, Sb, Te),
noble gases.  
C.4.PS3.1x-
Elements can al
be differentiated
chemical proper
Chemical prope
describe how an
element behaves
during a chemic
reaction.  
C.4.PS3.1y-The
placement or 
location of an 
element on the 
Periodic Table g
an indication of 
physical and 
chemical proper
of that element. 
elements on the 
Periodic Table a
arranged in orde



Compare 
and 
contrast 
properties 
of 
elements 
within a 
group or a 
period for 
Groups 1, 
2, 13-18 
on the 
Periodic 
Table. 
 
  

increasing atom
number.  
C.4.PS3.1z-For 
Groups 1, 2, and
13-18 on the 
Periodic Table, 
elements within
same group hav
the same numbe
valence electron
(helium is an 
exception) and 
therefore simila
chemical proper
C.4.PS3.1w-
Elements can be
differentiated by
physical propert
Physical propert
of substances, su
as density, 
conductivity, 
malleability, 
solubility, and 
hardness, differ 
among elements
C.4.PS3.1l-The 
outermost electr
in an atom are 
called the valen
electrons. In 
general, the num
of valence electr
affects the chem
properties of an 
element.  
C.4.PS3.1g-The
number of proto
in an atom (atom
number) identifi
the element. The
sum of the proto
and neutrons in 
atom (mass num
identifies an 
isotope. Commo



notations that 
represent isotop
include: 14C, 14
carbon-14, C-14
C.4.PS3.1aa-Th
succession of 
elements within
same group 
demonstrates 
characteristic 
trends: differenc
in atomic radius
ionic radius, 
electronegativity
first ionization 
energy, 
metallic/nonmet
properties.  
C.4.PS3.1bb-Th
succession of 
elements across 
same period 
demonstrates 
characteristic 
trends: differenc
in atomic radius
ionic radius, 
electronegativity
first ionization 
energy, 
metallic/nonmet
properties.    

Chemical Bonding  

Essential 
Questions 

Content Skills Vocabulary Assessments Lessons Resources Standards 

  1.  Energy and 
Bond 
Formation 
     a.  Octet 
Rule 
     b.  
Enthalpy 
2.  
Intramolecular 

1. 
Distinguish 
among ionic, 
molecular, 
and metallic 
substances, 
given their 
properties. 
 

1. 
asymetrical 
molecule 
2. covalent 
bond 
3. double 
covalent 
bond 
4. hydrogen 

      C.4.PS5.2a-
Chemical bo
are formed w
valence 
electrons are
â€¢ transferr
from one ato
to another 
(ionic): â€¢ 



Forces 
     a.  Ionic 
Bonds 
     b.  
Covalent 
Bonds 
     c.  Metallic 
Bonds 
3.  
Intermolecular 
Forces 
     a.  
Hydrogen 
Bonds 
     b.  Van der 
Waals Forces 
     c.  
Molecule-Ion 
Attraction 
4.  Formula 
Names and 
Formula 
Writing  

2. 
Demonstrate 
bonding 
concepts 
using Lewis 
dot 
structures 
representing 
valence 
electrons: 
transferred 
(ionic 
bonding); 
shared 
(covalent 
bonding); in 
a stable 
octet. 
 
3. Determine 
the noble gas 
configuration 
an atom will 
achieve 
when 
bonding. 
 
4. 
demonstrate 
bonding 
concepts, 
using Lewis 
dot 
structures 
representing 
valence 
electrons: 
transferred 
(ionic 
bonding); 
shared 
(covalent 
bonding); in 
a stable 
octet. 
 

bond 
5. ion 
6. ionic 
bond 
7. Lewis dot 
diagram 
8. 
malleability
9. metallic 
bond 
10. multiple 
covalent 
bond 
11. nonpolar 
covalent 
bond 
12. octet 
13. octet 
rule 
14. polar 
covalent 
bond 
15. 
symetrical 
molecule 
16. triple 
covalent 
bond  

shared betwe
atoms 
(covalent): â
mobile withi
metal (metal
C.4.PS5.2b-
Atoms attain
stable valenc
electron 
configuration
bonding with
other atoms. 
Noble gases 
have stable 
valence 
configuration
and tend not 
bond. 
C.4.PS5.2c-
When an ato
gains one or 
more electro
it becomes a
negative ion 
its radius 
increases. W
an atom lose
one or more 
electrons, it 
becomes a 
positive ion 
its radius 
decreases. 
C.4.PS5.2d-
Electron-dot
diagrams (Le
structures) ca
represent the
valence elect
arrangement
elements, 
compounds, 
ions. 
C.4.PS5.2e-I
multiple 
covalent bon



5. 
Distinguish 
between 
nonpolar 
covalent 
bonds (two 
of the same 
nonmetals) 
and polar 
covalent 
bonds.  

more than on
pair of electr
are shared 
between two
atoms. 
Unsaturated 
organic 
compounds 
contain at lea
one double o
triple bond.
C.4.PS5.2g-T
major catego
of compound
are ionic and
molecular 
(covalent) 
compounds.
C.4.PS5.2h-
Metals tend t
react with 
nonmetals to
form ionic 
compounds. 
Nonmetals te
to react with
other nonme
to form 
molecular 
(covalent) 
compounds. 
Ionic 
compounds 
containing 
polyatomic i
have both ion
and covalent
bonding. 
C.4.PS5.2i-
When a bond
broken, ener
is absorbed. 
When a bond
formed, ener
is released.
C.4.PS5.2k-T



electronegati
difference 
between two
bonded atom
used to asses
the degree of
polarity in th
bond. 
C.4.PS5.2j-
Electronegat
indicates how
strongly an a
of an elemen
attracts elect
in a chemica
bond. 
Electronegat
values are 
assigned 
according to 
arbitrary sca
C.4.PS5.2l-
Molecular 
polarity can 
determined b
the shape of 
molecule and
distribution o
charge. 
Symmetrical
(nonpolar) 
molecules 
include CO2
CH4, and 
diatomic 
elements. 
Asymmetric
(polar) 
molecules 
include HCl,
NH3, and H2
C.4.PS5.2m-
Intermolecul
forces create
the unequal 
distribution o



charge result
varying degr
of attraction 
between 
molecules. 
Hydrogen 
bonding is an
example of a
strong 
intermolecul
force. 
C.4.PS5.2n-
Physical 
properties of
substances c
be explained
terms of 
chemical bon
and 
intermolecul
forces. These
properties 
include 
conductivity
malleability,
solubility, 
hardness, 
melting poin
and boiling 
point. 
C.4.PS3.1oo
solution is a 
homogeneou
mixture of a 
solute dissol
in a solvent. 
solubility of 
solute in a gi
amount of 
solvent is 
dependent on
temperature,
pressure, and
chemical nat
of the solute 
solvent.  



C.4.PS3.1pp
The 
concentration
a solution m
be expressed
molarity (M)
percent by 
volume, perc
by mass, or p
per million 
(ppm).  
C.4.PS3.1qq
The addition
nonvolatile 
solute to a 
solvent cause
the boiling p
of the solven
increase and 
freezing poin
the solvent to
decrease. Th
greater the 
concentration
solute particl
the greater th
effect.  
C.4.PS3.1c-
Subatomic 
particles 
contained in 
nucleus inclu
protons and 
neutrons.  
C.4.PS3.1cc-
compound is
substance 
composed of
two or more 
different 
elements tha
chemically 
combined in 
fixed propor
A chemical 
compound ca



be broken do
by chemical 
means. A 
chemical 
compound ca
be represente
by a specific
chemical 
formula and 
assigned a na
based on the
IUPAC syste
C.4.PS3.1e-
Protons and 
electrons hav
equal but 
opposite 
charges. The
number of 
protons equa
the number o
electrons in a
atom.  
C.4.PS3.1ee-
Organic 
compounds 
contain carbo
atoms, which
bond to one 
another in 
chains, rings
and network
form a variet
structures. 
Organic 
compounds c
be named us
the IUPAC 
system.     

J 
a 
n 
u 
a 
r 

Moles and Stoichiometry  

Essential 
Questions 

Content Skills Vocabulary Assessments Lessons Resources Standards 

  1.  Moles  
     a.  

1. Determine 
the molecular 

1. boiling 
point 

      C.4.PS3.3e
formula ma



y formula mass 
     b.  
mass/mole 
conversions 
2.  Chemical 
Equations 
     a.  
balancing 
equations 
     
b.  mole/mole 
problems  
3.  Solutions 
     a.  
solubility 
     b.  
solubility 
curves 
     c.  
solubility 
factors 
     d.  
precipitates 
     e.  
solubility 
guidelines 
      

formula, 
given the 
empirical 
formula and 
molecular 
mass. 
 
2. Determine 
the empirical 
formula from 
a molecular 
formula. 
 
3. Interpret 
balanced 
chemical 
equations in 
terms of 
conservation 
of matter and 
energy. 
 
4. Balance 
equations, 
given the 
formulas for 
reactants and 
products. 
 
5. Interpret 
balanced 
chemical 
equations in 
terms of 
conservation 
of matter and 
energy. 
 
6. Create and 
use models 
of particles to 
demonstrate 
balanced 
equations. 
 
7. Calculate 

2. molarity 
3. parts-per-
million  
4. percent by 
volume 
5. percent 
mass 
6. saturated 
7. solute 
8. solution 
9. solvent 
10. 
supersaturated
11. 
unsaturated 
12. vapor 
13. vapor 
pressure 
14. analysis  

of a substan
is the sum o
the atomic 
masses of it
atoms. The 
molar mass
(gram-form
mass) of a 
substance 
equals one 
mole of tha
substance. 
C.4.PS3.3c
balanced 
chemical 
equation 
represents 
conservatio
atoms. The 
coefficients
balanced 
chemical 
equation ca
used to 
determine m
ratios in the
reaction.  
C.4.PS3.3d
The empiric
formula of 
compound i
the simples
whole-num
ratio of atom
of the elem
in a compou
It may be 
different fro
the molecul
formula, wh
is the actua
ratio of atom
in a molecu
of that 
compound. 
C.4.PS3.4d



simple mole-
mole 
stoichiometry 
problems, 
given a 
balanced 
equation. 
 
8. Calculate 
the formula 
mass and the 
gram-
formula 
mass. 
 
9. Determine 
the number 
of moles of a 
substance, 
given its 
mass. 
 
10. 
Determine 
the mass of a 
given 
number of 
moles of a 
substance. 
 
11. Identify 
types of 
chemical 
reactions. 
  

Collision 
theory state
that a reacti
is most like
to occur if 
reactant 
particles co
with the pro
energy and 
orientation.
C.4.PS3.3a
all chemica
reactions th
is a 
conservatio
mass, energ
and charge.
C.4.PS3.3f-
percent 
composition
mass of eac
element in a
compound c
be calculate
mathematic
C.4.PS3.2b
Types of 
chemical 
reactions 
include 
synthesis, 
decomposit
single 
replacemen
and double 
replacemen
C.4.PS3.1o
solution is a
homogeneo
mixture of a
solute disso
in a solvent
The solubil
of a solute i
given amou
of solvent i



dependent o
the 
temperature
the pressure
and the 
chemical 
natures of t
solute and 
solvent.  
C.4.PS3.1p
The 
concentratio
of a solutio
may be 
expressed in
molarity (M
percent by 
volume, 
percent by 
mass, or pa
per million 
(ppm).  
C.4.PS3.1q
The additio
a nonvolati
solute to a 
solvent cau
the boiling 
point of the
solvent to 
increase an
the freezing
point of the
solvent to 
decrease. T
greater the 
concentratio
of solute 
particles, th
greater the 
effect.  
C.4.PS3.1c
compound i
substance 
composed o
two or more



different 
elements th
are chemica
combined in
fixed 
proportion. 
chemical 
compound c
be broken 
down by 
chemical 
means. A 
chemical 
compound c
be represen
by a specifi
chemical 
formula and
assigned a 
name based
the IUPAC 
system.  
C.4.PS3.1e
Organic 
compounds
contain carb
atoms, whic
bond to one
another in 
chains, ring
and network
form a varie
of structure
Organic 
compounds
be named u
the IUPAC 
system.     

F 
e 
b 
r 
u 
a 
r 

Kinetics and Equilibrium  

Essential 
Questions 

Content Skills Vocabulary Assessments Lessons Resources Standards

  1.  Kinetics 
     a.  Reaction Rate 
Factors 

1. Use 
collision 
theory to 

1. actiated 
complex 
2. activation 

      C.4.PS3.1
The numb
of protons



y      b.  Potential Energy 
Diagrams 
2.  Equilibrium 
     a.  Phase 
Equilibrium 
     b.  Chemical 
Equilibrium 
          1.  Reversible 
Reactions 
          2.  
LeChatelier's Priniciple
                   a.  
Temperature 
                   b.  Pressure
                   c.  
Concentration 
                   d.  
Catalyst          

explain how 
various 
factors, such 
as 
temperature, 
surface area, 
and 
concentration, 
influence the 
rate of 
reaction. 
 
2. Identify 
examples of 
physical 
equilibria as 
solution 
equilibrium 
and phase 
equilibrium, 
including the 
concept that a 
saturated 
solution is at 
equilibrium. 
 
3. Describe 
the 
concentration 
of particles 
and rates of 
opposing 
reactions in 
an 
equilibrium 
system. 
 
4. 
Qualitatively 
describe the 
effect of 
stress on 
equilibrium, 
using 
LeChatelier's 
principle. 

energy 
3. catalyst 
4. entropy 
5. equilibrium 
6. LeChatelier's 
Principle 
7. Potential 
Energy Diagram
8. stress  
  

an atom 
(atomic 
number) 
identifies t
element. T
sum of the
protons an
neutrons in
atom (mas
number) 
identifies 
isotope. 
Common 
notations t
represent 
isotopes 
include: 14
14C, carbo
14, C-14. 
C.4.PS3.1
Entropy is
measure o
randomne
disorder o
system. A 
system wi
greater 
disorder h
greater 
entropy. 
C.4.PS3.1
Systems in
nature ten
undergo 
changes 
toward low
energy and
higher 
entropy. 
C.4.PS3.4
The conce
of an ideal
is a model
explain th
behavior o
gases. A r



 
5. Read and 
interpret 
potential 
energy 
diagrams: PE 
of reactants 
and products, 
activation 
energy (with 
or without a 
catalyst), heat 
of reaction. 
 
6. Compare 
the entropy of 
phases of 
matter.  

gas is mos
like an ide
gas when 
real gas is 
low pressu
and high 
temperatu
C.4.PS3.4
Kinetic 
molecular 
theory (KM
for an idea
gas states 
all gas 
particles: â
are in rand
constant, 
straight-lin
motion.: â
are separa
by great 
distances 
relative to
their size; 
volume of
gas: partic
is consider
negligible
â€¢ have n
attractive 
forces 
between 
them.: â€¢
have 
collisions 
may result
transfer of
energy 
between g
particles, b
the total 
energy of 
system 
remains 
constant.: 
C.4.PS3.4



Kinetic 
molecular 
theory 
describes t
relationshi
of pressur
volume, 
temperatu
velocity, a
frequency 
force of 
collisions 
among gas
molecules
C.4.PS3.4
catalyst 
provides a
alternate 
reaction 
pathway, 
which has
lower 
activation 
energy tha
uncatalyze
reaction. 
C.4.PS3.4
Collision 
theory stat
that a reac
is most lik
to occur if
reactant 
particles 
collide wit
the proper
energy and
orientation
C.4.PS3.4
The rate o
chemical 
reaction 
depends o
several 
factors: 
temperatu



concentrat
nature of t
reactants, 
surface are
and the 
presence o
catalyst. 
C.4.PS3.4
Some 
chemical a
physical 
changes ca
reach 
equilibrium
C.4.PS3.4
equilibrium
the rate of
forward 
reaction 
equals the
of the reve
reaction. T
measurabl
quantities 
reactants a
products 
remain 
constant a
equilibrium
C.4.PS3.4j
LeChatelie
principle c
be used to
predict the
effect of st
(change in
pressure, 
volume, 
concentrat
and 
temperatu
on a system
equilibrium
C.4.PS4.1
Energy 
released o



absorbed 
during a 
chemical 
reaction ca
be represe
by a poten
energy 
diagram.
C.4.PS4.2
Temperatu
is a 
measurem
of the aver
kinetic ene
of the 
particles in
sample of 
material. 
Temperatu
is not a for
of energy.
C.4.PS4.2
The conce
of kinetic 
potential 
energy can
used to 
explain 
physical 
processes 
include: 
fusion 
(melting), 
solidificat
(freezing),
vaporizati
(boiling, 
evaporatio
condensat
sublimatio
and 
deposition  

M 
a 
r 

Acids and Bases  

Essential Content Skills Vocabulary AssessmentsLessons Resources Standards



c 
h 

Questions 

  1.  Electrolytes 
2.  Acids 
     a.  
Properties 
     b.  
Reactions 
With Metals 
     c.  
Indicators 
3.  Bases 
     a.  
Properties 
     b.  
Indicators 
4.  Arrhenius 
Theory 
     a.  
hydrogen ions 
(protons) 
     b.  
hydroxide ions 
5.  Strength of 
Acids and 
Bases 
6.  Acid-Base 
Reactions 
     a.  
Neutralizations 
     b.  
Titrations 
7.  pH 
     a.  
concentration 
of H+ ions 
     b.  pH and 
indicators 
8.  Bronsted-
Lowry Theory  

1. Given 
properties, 
identify 
substances as 
Arrhenius 
acids or 
Arrhenius 
bases. 
 
2. Write 
simple 
neutralization 
reactions 
when given 
the reactants.
 
3. Calculate 
the 
concentration 
or volume of 
a solution, 
using 
titration data.
 
4. Interpret 
changes in 
acid-base 
indicator 
color. 
 
5. Identify 
solutions as 
acid, base, or 
neutral based 
upon the pH. 

1. acidity 
2. alkalinity 
3. Arrhenius 
acid 
4. Arrhenius 
base 
5. electrolyte
6. hydrogen 
ion 
7. hydronium 
ion 
8. indicator 
9. 
neutralization
10. pH scale
11. salt 
12. titration 
  

      C.4.PS3.1r
An electrol
is a substan
which, whe
dissolved i
water, form
solution 
capable of 
conducting
electric 
current. Th
ability of a
solution to
conduct an
electric cur
depends on
concentrati
of ions.  
C.4.PS3.1s
The acidity
alkalinity o
aqueous 
solution ca
measured b
its pH valu
The relativ
level of aci
or alkalinit
these solut
can be sho
by using 
indicators. 
C.4.PS3.1t
the pH sca
each decre
of one unit
pH represe
a tenfold 
increase in
hydronium
concentrati
C.4.PS3.1u
Behavior o
many acids



and bases c
be explaine
by the 
Arrhenius 
theory. 
Arrhenius 
acids and 
bases are 
electrolyte
C.4.PS3.1v
Arrhenius 
acids yield
H+(aq), 
hydrogen i
as the only
positive ion
an aqueous
solution. T
hydrogen i
may also b
written as 
H3O+(aq),
hydronium
ion.  
C.4.PS3.1w
Arrhenius 
bases yield
OH-(aq), 
hydroxide 
as the only
negative io
an aqueous
solution. 
C.4.PS3.1x
In the proc
of 
neutralizat
an Arrheni
acid and an
Arrhenius 
react to for
salt and wa
C.4.PS3.1y
There are 
alternate ac
base theori



One theory
states that 
acid is an H
donor and 
base is an H
acceptor. 
C.4.PS3.1z
Titration is
laboratory 
process in 
which a 
volume of 
solution of
known 
concentrati
is used to 
determine 
concentrati
of another 
solution. 
C.4.PS3.2b
Types of 
chemical 
reactions 
include 
synthesis, 
decomposi
single 
replacemen
and double
replacemen
C.4.PS5.2n
Physical 
properties 
substances
be explaine
terms of 
chemical 
bonds and 
intermolec
forces. The
properties 
include 
conductivi
malleabilit
solubility, 



hardness, 
melting po
and boiling
point.   

Oxidation-Reduction  

Essential 
Questions 

Content Skills Vocabulary Assessments Lessons Resources Standards 

  1. Oxidation 
     a.  Definition 
     b.  Increase 
in Oxidation 
Number 
2.  Reduction 
     a.  Definition 
     b.  Oxidation 
number is 
lowered 
3.  Oxidation 
Number Rules 
3.  Half-
Reactions 
4.  
Electrochemical 
Cells 
     a.  Voltaic 
Cells 
and Spontaneous 
Reactions 
     b.  
Electrolytic 
Cells and Non-
Spontaneous 
Reactions  

1. 
Determine a 
missing 
reactant or 
product in a 
balanced 
equation. 
2. Write and 
balance half-
reactions for 
oxidation 
and 
reduction of 
free 
elements 
and their 
monatomic 
ions. 
3. Compare 
and contrast 
voltaic and 
electrolytic 
cells. 
4. Identify 
and label the 
parts of a 
voltaic cell 
(cathode, 
anode, salt 
bridge) and 
direction of 
electron 
flow, given 
the reaction 
equation. 
5. Use an 
activity 

1. activated 
complex 
2. activation 
energy 
3. catayst 
4. entropy 
5. 
equilibrium
6. Le 
Chatelier's 
Principle 
7. potential 
energy 
diagram 
8. stress  

      C.4.PS3.3a
all chemica
reactions th
is a 
conservatio
mass, energ
and charge
C.4.PS3.3b
a redox 
reaction the
number of 
electrons lo
equal to the
number of 
electrons 
gained.  
C.4.PS3.2d
oxidation-
reduction 
(redox) 
reaction 
involves th
transfer of 
electrons (e
C.4.PS3.2e
Reduction i
the gain of 
electrons. 
C.4.PS3.2f-
half-reactio
can be writ
to represen
reduction. 
C.4.PS3.2g
Oxidation i
the loss of 
electrons. 



series to 
determine 
whether a 
redox 
reaction is 
spontaneous.
6. Identify 
and label the 
parts of an 
electrolytic 
cell (anode, 
cathode) and 
direction of 
electron 
flow, given 
the reaction 
equation. 
  

C.4.PS3.2h
half-reactio
can be writ
to represen
oxidation. 
C.4.PS3.2i-
Oxidation 
numbers 
(states) can
assigned to
atoms and i
Changes in
oxidation 
numbers 
indicate tha
oxidation a
reduction h
occurred. 
C.4.PS3.2j-
electrochem
cell can be 
either volta
or electroly
In an 
electrochem
cell, oxidat
occurs at th
anode and 
reduction a
cathode.  
C.4.PS3.2k
voltaic cell
spontaneou
converts 
chemical 
energy to 
electrical 
energy.  
C.4.PS3.2l-
electrolytic
requires 
electrical 
energy to 
produce a 
chemical 
change. Th



process is 
known as 
electrolysis  

A 
p 
r 
i 
l 

Organic Chemistry  

Essential 
Questions 

Content Skills Vocabulary Assessments Lessons ResourcesStandards 

  1.  Carbon and its 
Bonds 
     a.  Tetrahedral 
     b.  
Saturated/Unsaturated 
2.  Hydrocarbons-
 Homologous Series- 
General Formulas 
     a.  Alkanes 
     b.  Alkenes 
     c,  Alkynes  
4.  Isomers 
5.  Functional Groups 
     a.  halides 
     b.  alcohols 
     c.  aldehydes 
     d.  ketones 
     e.  ethers 
     f.  organic acids 
     g.  ester 
     h.  amines 
     i.  amino acids 
     j.  amides  
6.  Organic Reactions 
     a.  Substitution 
     b.  Addition 
     c.  Esterification 
     d.  Fermentation 
     e.  
Polymerizations 
          1.  Addition 
          2.  
Condensation  

1. Classify 
an organic 
compound 
based on its 
structural or 
condensed 
structural 
formula. 
 
2. Draw 
structural 
formulas for 
alkanes, 
alkenes, and 
alkynes 
containing a 
maximum 
of ten 
carbon 
atoms. 
 
3. Classify 
an organic 
compound 
based on its 
structural or 
condensed 
structural 
formula. 
 
4. Draw a 
structural 
formula 
with the 
functional 
group(s) on 
a straight 
chain 

1. addition 
reaction 
2. alcohol 
3. aldehyde 
4. alkane 
5. alkene 
6. alkyne 
7. amide 
8. amine 
9. amino acid
10. 
esterification 
11. ester 
12. 
fermentation 
13. functional 
group 
14. 
hydrocarbon 
15. isomer 
16. ketone 
17. organic 
acid 
18. organic 
halide 
19. polymer 
20. 
polymerization
21. 
saponification
22. saturated 
23. 
substitution 
24. 
unsaturated  

      C.4.PS5.2b-Ato
attain a stable 
valence electron
configuration by
bonding with ot
atoms. Noble ga
have stable vale
configurations a
tend not to bond
C.4.PS5.2f-Som
elements exist in
two or more for
in the same phas
These forms dif
in their molecul
crystal structure
and hence in the
properties. 
C.4.PS5.2h-Met
tend to react wit
nonmetals to for
ionic compound
Nonmetals tend 
react with other 
nonmetals to for
molecular 
(covalent) 
compounds. Ion
compounds 
containing 
polyatomic ions
have both ionic 
covalent bondin
C.4.PS3.1w-
Elements can be
differentiated by
physical propert
Physical propert



hydrocarbon 
backbone, 
when given 
the correct 
IUPAC 
name for the 
compound.
 
5. Identify 
types of 
organic 
reactions. 
 
6. 
Determine a 
missing 
reactant or 
product in a 
balanced 
equation.  

of substances, su
as density, 
conductivity, 
malleability, 
solubility, and 
hardness, differ 
among elements
C.4.PS3.1x-
Elements can al
be differentiated
chemical proper
Chemical prope
describe how an
element behaves
during a chemic
reaction.  
C.4.PS3.1y-The
placement or 
location of an 
element on the 
Periodic Table g
an indication of 
physical and 
chemical proper
of that element. 
elements on the 
Periodic Table a
arranged in orde
increasing atom
number.  
C.4.PS3.1z-For 
Groups 1, 2, and
13-18 on the 
Periodic Table, 
elements within
same group hav
the same numbe
valence electron
(helium is an 
exception) and 
therefore simila
chemical proper
C.4.PS3.1v-
Elements can be
classified by the
properties and 



located on the 
Periodic Table a
metals, nonmeta
metalloids (B, S
Ge, As, Sb, Te),
noble gases.  
C.4.PS3.1ll-Ent
is a measure of t
randomness or 
disorder of a 
system. A system
with greater 
disorder has gre
entropy.  
C.4.PS3.1g-The
number of proto
in an atom (atom
number) identifi
the element. The
sum of the proto
and neutrons in 
atom (mass num
identifies an 
isotope. Commo
notations that 
represent isotop
include: 14C, 14
carbon-14, C-14
C.4.PS3.1aa-Th
succession of 
elements within
same group 
demonstrates 
characteristic 
trends: differenc
in atomic radius
ionic radius, 
electronegativity
first ionization 
energy, 
metallic/nonmet
properties.  
C.4.PS3.1bb-Th
succession of 
elements across 
same period 



demonstrates 
characteristic 
trends: differenc
in atomic radius
ionic radius, 
electronegativity
first ionization 
energy, 
metallic/nonmet
properties.     

M 
a 
y 

Review  

Essential 
Questions 

Content Skills Vocabulary Assessments Lessons Resources Standards 

  1.  Review 
List 
 
2.  Practice 
Exams  

              

   
 


