




Scientific Method (3 beaker demo)
• Scientific method is a logical, systematic 

approach to the solution of a scientific problem

1. Make observation

2. Ask a question

3. Form a hypothesis

4. Experiment

5. Analyze data

6. Draw Conclusion

7. Develop Theory /law or re-evaluate hypothesis



Scientific 
Method



Experimentation 
• Variables are things that change during an 

experiment

• Independent variable is the one changed by 
the scientist [I control, I change]

• Dependent variable is the one that changes 
because of what the scientist did.  [It depends 
on what I do]

• Both can be measured and both can be 
changed.

• Constants are things that do NOT change 
between trails



Chapter 2
Matter and Change



Describing Matter

• Matter is anything that has mass and takes 
up space

• Mass of an object is the measure of the 
amount of matter the object contains and is 
affected by gravity.

• Mass of an object changes depending on 
location, the amount of matter does NOT 
change.



Classifying Matter

• You can use their general characteristics to 
distinguish substances from mixtures

• If the composition of a material is fixed, the 
material is a pure substance.  If the 
composition of a material may vary, the 
material is a mixture.



Classifying Matter
• Pure Substance is a sample of matter, either an 

element or a compound, that consists of only one 
component with definite physical and chemical 
properties and a definite composition.

– Element is the simplest form of matter that has a unique 
set of properties

– Element cannot be broken down into simpler substances

• Examples:  oxygen, nitrogen,  sodium 

– Compound is a substance that contains two or more 
elements chemically combined in a fixed proportion.

– Compounds can be chemically separated in to simpler 
substances

• Examples:  water, sugar, oil



Classifying Matter

• Mixture is a physical blend of two or more 
components (substances) 

• Most samples of matter are mixtures

• Based on the distribution of their 
components, mixtures can be classified as 
heterogeneous mixtures or as homogeneous 
mixtures.



Classifying Matter

• Heterogeneous mixture is a mixture in which the 
composition is NOT uniform throughout.
– Examples:  salad, pizza, beach sand

• Homogeneous mixture is a mixture in which the 
composition IS uniform throughout.
– Example:  vinegar, soda, tap water
– Solution is a homogenous mixture where solutes are 

dissolved in a solvent (kool-aid)
– most solutions are liquids but some can be solid 

(steel, bronze) and some are gases (air)
– all homogeneous mixtures consist of a single phase



End 9/6/12



• Identify each as element, compound,  
heterogeneous, or homogeneous 

• Butter

• Xenon

• Salad

• Epsom salt

• Pool water

• Uranium 

• Chocolate milk



• Identify each as element, compound,  
heterogeneous, or homogeneous 

• Butter              Homogeneous mixture

• Xenon element

• Salad Hetrogeneous mixture

• Epsom salt compound 

• Pool water Homogeneous mixture

• Uranium element

• Chocolate milk  Homogeneous mixture



8-2-18 Opener
• Identify each as element, compound,  

heterogeneous, or homogeneous 

1. Lead metal

2. Kool-aid drink

3. Distilled water

4. Concrete

5. Brass metal

6. Rust

7. Vegetable soup

Element 

Homogeneous mixture

Compound  (tap or pool water is homo)

Heterogeneous mixture

Homogeneous mixture

Compound (Iron III oxide)

Heterogeneous mixture 



4 States of Matter

• Solid is a form of matter that has DEFINITE 
shape and volume

• The shape of a solid doesn’t depend on the 
shape of a container

• The particles in a solid are packed tightly 
together and often in an orderly arrangement

• Solid cannot be compressed

• Have the least amount of energy 



4 States of Matter
• Liquid is a form of matter that has a DEFINIE 

volume but NOT a definite shape

• a liquid takes the shape of it’s container

• The volume of the liquid doesn’t change as it’s 
shape changes, it is constant

• in a liquid the particle are free to flow past one 
another and have more space between the atoms

• Liquids are slightly compressible

• Have more energy than solids



4 States of Matter

• Gas is a form of matter that takes both the 
shape and volume of its container

• The particles in a gas are much farther apart 
than the particles in a liquid.

• Gases are easily compressed into smaller 
volumes

• The atoms in gases have the most space 
between them

• Has the most energy



4 States of Matter

• plasma is a state of matter similar to gas in 
which a certain portion of the particles are 
ionized

• Plasma does only exist on earth for very short 
periods of time [lighting bolt]

• Closes LARGE source of plasma is the sun



4 States of Matter



Phase changes (changes in state of matter)
• Melting is the phase change as a substance changes from a 

solid to a liquid. 
• Freezing is the phase change as a substance changes from a 

liquid to a solid. 
• Vaporization is the phase change as a substance changes 

from a liquid to a gas. 
• Condensation is the phase change as a substance changes 

from a gas to a liquid. 
• Sublimation is the phase change as a substance changes 

from a solid to a gas without passing through the 
intermediate state of a liquid. 

• Deposition is the phase change as a substance changes 
from a gas to a solid without passing through the 
intermediate state of a liquid. 



4 States of Matter Summary 

States of 
matter

Shape Volume Illustration 

Solid Definite Definite

Liquid Indefinite Definite

Gas Indefinite Indefinite



Physical/Chemical Properties

• Properties of matter can be classified in two 
ways.

• Physical property is a quality or condition of a 
substance that can be observed or measured 
without changing the substance’s composition.  
– Physical properties include hardness, color, 

conductivity, malleability, odor, melting point, boiling 
point, density, solubility, polarity, and many others.

• Physical properties can help chemists identify 
substances



Physical/Chemical Properties
• Chemical property is a quality or condition of a 

substance that can be observed or measured 
only by changing the substance’s composition.  

– Flammability, reactivity, non-reactive, combustibility 

• Chemical properties can help chemists identify 
substances



Physical/Chemical Properties Practice
1. Blue Liquid

2. Gold is unreactive

3. Lemon are sour

4. Ice is cold

5. Baseballs are round

6. The box is 2 meters tall

7. Gas will explode

8. Neon is inert

1. Physical

2. Chemical

3. Physical 

4. Physical

5. Physical

6. Physical

7. Chemical

8. chemical



Physical Changes

• Physical change a change during which some 
properties of a material change, but the 
composition of the material does not change
– Boil, melt, freeze, condense, breaking, splitting , grind, 

and cut are used to describe physical changes.

• Physical changes can be classified as reversible or 
irreversible.
– Phase changes (Melting, freezing and boiling) are 

examples of reversible physical changes (can be 
changed back)

– Cutting, grinding, and breaking are example of 
irreversible physical changes (cannot be changed back)



Chemical Changes
• Chemical change is a change that produces matter 

with a different composition than the original 
matter

– Heating a substance can be used to break down 
compound into simpler substances.

– Reacting substances to form new substances

• Examples:  heating sugar with give you carbon and water.   
An acid and a base make a salt and water



Chemical Changes
• Indicators that a chemical change has occurred 

are

– a transfer of energy [object absorbs or releases heat]

– a change in color [think banana’s changing color] 

– the production of a gas

– the formation of a precipitate

• Precipitate is a solid that forms and settles out of a liquid 
mixture



Physical/Chemical Changes

• Summary

–Physical changes  the composition of 
substance stays the same.  The phase or 
shape may change

–Chemical changes involve a change in the 
CHEMICAL composition of a substance



Identify as Physical/Chemical Change
1. Silver tarnishing

2. Crushing slate

3. Dry ice sublimating

4. Milk spoiling

5. Fermenting grape juice

6. Evaporating water

7. Cooking bread

8. Steal turns red when heated

9. Grinding coffee

10. Potatoes rotting

1. Chemical

2. Physical

3. Physical

4. Chemical

5. Chemical

6. Physical

7. Chemical

8. Physical

9. Physical

10.Chemical



Phase changes (changes in state of matter)
• Melting is the phase change as a substance changes from a 

solid to a liquid. 
• Freezing is the phase change as a substance changes from a 

liquid to a solid. 
• Vaporization is the phase change as a substance changes 

from a liquid to a gas. 
• Condensation is the phase change as a substance changes 

from a gas to a liquid. 
• Sublimation is the phase change as a substance changes 

from a solid to a gas without passing through the 
intermediate state of a liquid. 

• Deposition is the phase change as a substance changes 
from a gas to a solid without passing through the 
intermediate state of a liquid. 



Phase Change Diagrams
• Most common type of phase change diagram 

show the temperature of a substances versus the 
amount of energy added to a substance



Phase Change Diagrams
• At the low temperatures all substances are a solid

Solid



• As heat is added the object begins to melt and 
both solid and liquid phases are present

Solid

Solid & Liquid

Notice that during the phase change the 

temperature does NOT change

The object is MELTING



• As heat is added the object finishes melting and is 
in the LIQUID phase

Solid

Solid & Liquid

Notice that the temperature starts to rise again.

Liquid



• As heat is added the object begins to form a vapor 
and both liquid and gas phases are present

Solid

Solid & Liquid

Notice that during the phase change the temperature 

does NOT change

The object is Vaporizing

Liquid

Liquid and Gas



• As heat is added the object finishes vaporizing 
and is in the gas phase

Solid

Solid & Liquid

Notice that the temperature increases again

Liquid

Liquid and Gas

Gas 

ONLY



• What is heat is removed from the GAS?

Solid

Solid & Liquid

The gas cools and forms a liquid called CONDENSATION

Both liquid and gas are present until ALL gas becomes a 

liquid

Circled point

Liquid

Liquid and Gas

Gas 

ONLY



• What is heat is removed from the GAS?

Solid

Solid & Liquid

The liquid cools until it starts to reform the solid.

Liquid

Liquid and Gas

Gas 

ONLY



• What is heat is removed from the GAS?

Solid

Solid & Liquid

The liquid cools and both solid and liquid phases are 

present

At this stage the substance is FREEZING

Circled point

Liquid

Liquid and Gas

Gas 

ONLY



Phase Change Diagram Combined



Triple Point Diagram

https://www.youtube.com/watch?v=XEbMHmDhq2I triple point video

https://www.youtube.com/watch?v=XEbMHmDhq2I


Phase Change Diagram Practice

• What is occurring at the following points

A

B

• What phase is present at the following points

A

B

C

D

E

Object is vaporizing or condensing

Object is melting or freezing

A. Liquid & Gas

B. Solid & Liquid

C. Liquid ONLY

D. Solid ONLY

E. Gas ONLY



8-6-18  General Warm-Up
Complete table below. 

Phase 
of 

matter

Volume Shape Distance 
between 
particle

Compressibility Illustration

Solid

Liquid

Gas



Warm-Up
Phase 

of 
matter

Volume Shape Distance 
between 
particle

Compressibility Illustration 

Solid Definite Definite
Small

(none)
NOT

compressible

Liquid Definite Indefinite Medium 
(slight)

SLIGHTLY
Compressible

Gas Indefinite Indefinite Large HIGHLY
Compressible



Separation Techniques 
• differences in physical properties can be used to separate mixtures

1. Manual separation is the process of using hands or tool to remove 
parts of a mixture.

Example:  picking mushrooms off pizza, 

2. Evaporation is the process of separating a dissolved solid from a liquid.  
Involved heating up the liquid and leaving the solid behind.

Example:  getting drinking water from salt water.

3. Filtration is the process of separating a solid from a liquid in a 
heterogeneous mixture 

example:  using a colander to separate noodles from water, coffee 
filter and coffee grinds

4. Distillation is the process of separating two or more liquids due to a 
difference in boiling points

example: used to make moonshine separates alcohol from slag. 



Distillation 

setup in a 

laboratory 

Evaporation setup 

in a laboratory 



Separation Techniques
• How would you separate

1. Beans from broth

2. Salt from water

3. Sand from water

4. Pickles from hamburger

5. Sugar from water

6. Pebbles from sand

7. Alcohol and water

8. Tea leaves from tea

1. Filtration 

(colander)

2. Evaporation

3. Filtration (filter)

4. Manual

5. Evaporation

6. Manual

7. Distillation

8. Filtration (filter)



8-8-18 Opener HONORS
1. Describe the 4 phases of matter

2. Describe each of the 6 phase changes

3. Describe the 6 different classifications of 
matter.



4 States of Matter



2.  Explain how matter is classified and give 
an example for each classification

Atoms bonded 

together

Sugar, salt, 

water

On periodic 

table



Phase changes (changes in state of matter)
• Melting is the phase change as a substance changes from a 

solid to a liquid. 
• Freezing is the phase change as a substance changes from a 

liquid to a solid. 
• Vaporization is the phase change as a substance changes 

from a liquid to a gas. 
• Condensation is the phase change as a substance changes 

from a gas to a liquid. 
• Sublimation is the phase change as a substance changes 

from a solid to a gas without passing through the 
intermediate state of a liquid. 

• Deposition is the phase change as a substance changes 
from a gas to a solid without passing through the 
intermediate state of a liquid. 



Density
• Density is a unit of mass per unit of volume

– SI Units of density:   g/mL  or g/cm3 or Kg/m3

Density = mass  .

volume

d = m

v 



• In general, a calculated answer cannot be 
more precise than the least precise 
measurement from which it was calculated.

– Example: if measuring with a standard ruler and 
recording the measurements in cm you 
measurement can only have two decimal places.

– The line below would  be measured at 3.65 cm or 
3.63 cm 

– but 3.6 would not be precise enough for this tool

_______________



Ruler Example

• The blue line would be recorded to be 13.3_ cm 
long.  With the _ being the estimated digit.

• 13.30 cm, 13.31 cm would both be valid 
measurements.

• 13.300 cm or 13.310 cm would NOT be valid

• Read to the unit you are certain of, then estimate 
one more place.



Graduated Cylinder
• In order to read the graduated 

cylinder correctly, it must be placed 
on a stable surface such as the desk 
top of the work area 

• And you MUST be at eye level with 
the meniscus (bottom of the bubble)

• To determine the volume of liquid 
use the number that is directly at or 
below the bottom of the meniscus



Graduated Cylinder
• You must estimate one more digit that 

you can precisely measure.

• The graduated cylinder pictured 
measured in mL and 10th of a mL.

• The blue liquid would have a volume 
of 1.11 mL or 1.12 mL.

• A measurement of 1.110 mL or 1.1120 
mL is more precise than the tool 
allows.

• Read to the measurment you are 
certain of, then estimate one more 
place.



Graduated Cylinder
• You must estimate one more digit that 

you can precisely measure.

• The graduated cylinder pictured shows 
only whole mL and you would estimate 
the 1st decimal place.

• 11.4mL or 11.3 mL would be acceptable

• 11.50 ml is more precise than the tool 
allows.

• Read to the measurement you are 
certain of, then estimate one more 
place.



Triple balance beam
• Add the values on the three beam together

• Make sure to estimate one more digit than the device shows

Example:  90 + 100 + 0.41  = 190.41 g

Last # is the estimated digit and may vary from person to 
person



Triple balance beam

Because the smallest beam shows 1 decimal 
place we MUST estimate the second decimal 
place.

Example 2:  0 + 100 + 5.62 = 105.62 grams



Significant Figures   [HONORS ONLY]
• When doing calculations with measured quantities it is 

important to keep the correct number of numbers

• For a measured value every number is significant.  

– Example:  12.35 cm has 4 significant figures ( sig figs) and 
1.50 g has 3 sig figs.

• For values that have been measured for you leading 
zeros and trailing zeros with out a decimal are NOT 
significant.  

– Example:  0.025 mL has 2 sig figs and 2500 also has 2 sig figs

• When multiplying or dividing you keep the same 
amount of sig figs as the smallest number of significant 
figures in the problem.  [HONORS ONLY] 



• A block of work has a volume of 28.5 m3 and a 
mass of 14.05 Kg.  What is it’s density?

Given

v= 28.5 m3

m= 14.05 Kg

D = ?



Solving word problems
• Example 1:  Robin measured the mass of a metal 

cube to be 25.48 g and the cube measures 3.0 cm on 
each side.  What is the cube density?

Given

Mass= 25.48 g

Length= 3.0 cm

Width = 3.0 cm

Height = 3.0 cm

Volume= ?

Density= ?



• A marble has a mass of 12.48 grams and when 
placed in a graduated cylinder with 20.0 mL the 
volume increased to 24.5 mL.  What is the 
marbles density?

– Given:   m= 12.48g d  = ?

v initial= 20.0 mL

v final= 24.5 mL

– Equation:  d = m/v        v = vf – vi 

– Solve:  v = 24.5 ml – 20.0 mL

d = (12.48 g / 4.5 mL) =2.7733 g/mL

d = 2.77 g/mL



Using Density
• Rearranging the density equation

– First get it in a liner format by multiplying by volume

• Density x Volume = mass

– If wanting volume then divide by density

Volume = mass   .

density

– These equations can be used to find information 
using known density values



• The density of copper is  8.920 g/cm3 if you 
have 52.75cm3 sample of copper how much 
does it weigh?

– Given:  d = 8.920 g/cm3

v = 52.75cm3

m = ?

– Equation:  d = m/v   or   d(v) = m

– Solve:  mass = (8.920 g/cm3 )(52.75cm3 ) =

mass = 470.5 g



8-9-18 Opener HONORS

1. A metallic substance has a volume of 243 cm3 and a 
mass of 1915 g what is it’s density?

2. Knowing that the density of Zinc is 7.13 g/ cm3, Iron is 
7.87 g/ cm3 and Nickel is 8.90 g/ cm3. What is the 
substances identity? 

substance is iron b/c that is the closest density to the 
object

3.  If you had 3.5 kg of the substance what would its’ 
volume be?



Chapter 4 
Atomic Structure



Atomic Models Videos
• All four explained together.

– Crash course:  https://www.youtube.com/watch?v=thnDxFdkzZs

– Tyler DeWitt https://www.youtube.com/watch?v=NSAgLvKOPLQ

• Major Models explained separately.  

• Dalton’s Model

– https://youtube.com/watch?v=JqCGUWue4eE&t=60s

• Thomson’s Model

– https://www.youtube.com/watch?v=dehxVQAUqBs

• Rutherford’s Model 

– https://www.youtube.com/watch?v=zn0xGIxoZSo

• Bohr’s Model

– https://www.youtube.com/watch?v=fm2C0ovz-3M&t=10s

• Quantum Mechanical Model will be discussed in detail in the next 

chapter

https://www.youtube.com/watch?v=thnDxFdkzZs
https://www.youtube.com/watch?v=NSAgLvKOPLQ
https://youtube.com/watch?v=JqCGUWue4eE&t=60s
https://www.youtube.com/watch?v=dehxVQAUqBs
https://www.youtube.com/watch?v=zn0xGIxoZSo
https://www.youtube.com/watch?v=fm2C0ovz-3M&t=10s


Atomic Models 
reference material

• Democritus

– Atom chapter page:  2-3

– Orange Chemistry book page 101-102

• Dalton’s Model

– Atom chapter page:  10 to 12

– Orange Chemistry book page 102 

– https://youtube.com/watch?v=JqCGUWue4eE&t=60s

• Thomson’s Model

– https://www.youtube.com/watch?v=dehxVQAUqBs

• Rutherford’s Model 

– Orange Chemistry book page 106 to 108, 127, and image on 128

– https://www.youtube.com/watch?v=zn0xGIxoZSo

• Bohr’s Model

– Orange Chemistry book page 127 to 129

– https://www.youtube.com/watch?v=fm2C0ovz-3M&t=10s

https://youtube.com/watch?v=JqCGUWue4eE&t=60s
https://www.youtube.com/watch?v=dehxVQAUqBs
https://www.youtube.com/watch?v=zn0xGIxoZSo
https://www.youtube.com/watch?v=fm2C0ovz-3M&t=10s


DEMOCRITUS
400 BC

Ancient philosopher: Father of the Atom

Democritus believed all things 
consisted of tiny indivisible units. 

He called these tiny units he 
called atomos.  The Greek word 

for “can not be cut” or 
“indivisible” 



John Dalton’s Model (1799)

Dalton’s model of the 

atom was similar to a 

tiny billiard ball.

Dalton’s model of the 

atom was solid and had 

no internal structure. 



Dalton’s Atomic Theory
• elements consisted of tiny particles called 

atoms.

1. all atoms of an element are identical

2. atoms of each element are different from 
one another; they have different masses.

3. compounds consisted of atoms of different 
elements combined together.

4. chemical reactions involved the 
rearrangement of combinations of those 
atoms.



Flaws in Dalton’s Model

• Dalton’s falsely believed that the atom was the 
most fundamental particle.

– We now know the atom is made up of even smaller 
particles we call the proton, neutron and electron. 

• Dalton’s theory could also not account for the 
formation of ions (charged particles) or light 
given of by elements.  



Daltons Atomic Model Summary

• Called:  Billiard Ball Model

• Could account for

–Atoms of different atomic masses 

–Elements were tiny particles

• Could NOT account for

–Though atom was smallest particle

–Did not have an internal structure

–The formation of charged particles



John J. Thomson (1897)

• Discovered the electron using 
the Cathod Ray Tube (CRT)

• Thomson found that the beam 
of charge in the CRT was 
attracted to the positive end of 
a magnet and repelled by the 
negative end. 



Thomson’s atomic model (1904) 

• Called the “plum-pudding” it was the most 
popular and most wildly accepted model of 
the time. 



Thomson’s atomic Summary

Could account for:

• the atom having an internal 
structure

• Light given off by atoms 

• Atom with different atomic 
masses

Could NOT account for

• Empty space (had atom filled with positive 
pudding)

• Formation of ions



Gold Foil Experiment
• Conducted by students of Rutherford.

• Proved that all atoms had a tiny, positively 
charged center. (found the Proton)

• Confirmed that atom’s were mostly empty 
space. 

• Conducted between 1908 and 1913



Rutherford’s Gold Foil Experiment
Conducted between 1908 and 1913

• alpha particle interaction with matter studied in gold 
foil experiment





Rutherford's Nuclear Model 1911

• 1. The atom contains a tiny dense center 

– the volume is about 1/10 trillionth the volume of the 
atom 

• 2. The nucleus is essentially the entire mass of 
the atom

• 3. The nucleus is positively charged

– the amount of positive charge of the nucleus balances 
the negative charge of the electrons 

• 4. The electrons move around in the empty 
space of the atom surrounding the nucleus



Rutherford’s atomic model summary 
(1911)

• Could account for:

– Empty space

– Ions

– Internal structure 

– Light given off when heated 
to high temperature.

• Could not account for:

– Stability



Bohr’s Atomic Model (1913)
• Bohr was a student of Rutherford. 

• Improved Rutherford’s model by proposing electrons are 
found only in specific fixed orbits.

• These orbits have fixed levels of energy

• This explained how electrons could give off light (gain or 
lose energy) 



BOHR MODEL
• Electrons are placed in energy levels 

surrounding the nucleus

Nucleus 

(p+ & n0) 2e-

8e-

18e-



Bohr’s Atomic Model Summary 

• Could account for

– Internal structure

– Atoms of different masses

– Atom being mostly empty space

– Light given off

– Formation of positive ions

• Flaws

– Only really worked for Hydrogen



Chadwick (1932)

• Discovered the neutron by bombarding Be with 
beta radiation. 

• Nuclear fission released a neutron. 

chart



Subatomic particle summary

Particle Discovery by Year experiment

Electron Thompson 1887 The response of 
cathode ray tube to a 
magnetic and electric 
fields

Proton Rutherford 1911 Gold Foil Experiment

Neutrons Chadwich 1932 Bombarded Be with 
beta radiation and a 
neutron was released



Review
• Describe each of the 4 different atomic models. 

[Dalton, Thompson, Rutherford, Bohr]  Give the

– Scientist Name

– Name of model

– Illustration of their model 

– What they could account for

– What they could not account for (flaws)





8-9-18 Opener General

1. A metallic substance has a volume of 243 cm3 and a 
mass of 1915 g what is it’s density?

2. Knowing that the density of Zinc is 7.13 g/ cm3, Iron is 
7.87 g/ cm3 and Nickel is 8.90 g/ cm3. What is the 
identity of the substance in the first problem?  

substance is iron b/c that is the closest density to the 
object



Ted Talk
How small is an atom?

• https://www.youtube.com/watch?v=yQP4UJh
Nn0I

https://www.youtube.com/watch?v=yQP4UJhNn0I


Subatomic Particles

Electron

Proton

Neutron

Name Symbol Charge

Relative

mass

In amu

Location

In atom

e-

p+

n0

-1

+1

0

1/1840

1

1

Electron cloud

Nucleus 

Nucleus



Subatomic Particles (cont.)

• All atoms of an element have the same # of protons

protons identify an atom = the atomic #

• Atoms are naturally electrically neutral

#p = #e-

• Only neutrons and protons contribute to an atoms mass

#n + #p = atomic mass

• To determine the following

Protons look at atomic number

Electrons equals protons for NEUTRAL atoms

Neutrons equals the mass minus the atomic number



Atom Basics

Mass Number

Atomic Number

Element Symbol

• How many p+, n0, e- do the following elements 
have?

Element

Sodium

Hydrogen

Chlorine

Tin

p+ 

11

1

17

50

n0

23-11=12

1-1=0

35-17=18

119-50=69

e-

11

1

17

50



Isotope and Ions



Ions
• Ion is an atom that has gained or lost one or 

more electrons and now has a charge

– Metals always lose (give away) electrons to form 
POSITIVE ions

– Non-metals always gain (steal) electrons to form 
NEGATIVE ions

• The charge of the element is show on the right 
side of the symbol as a super script

• Example:  Na+1, Zn+1, S-2, N-3



Ions practice

Element

Ca+2

Br-1

Al+3

I-1

Number of 
electrons

20-2=18

35+1=36

13-3=10

53+1=54

p+

20

35

13

53

n0

40-20=20

80-35=45

27-13=14

127-53=74

• The number of protons and neutrons are found the same as a 

neutral atom

• To find the number of electrons 

• Positive charge (lost electrons) would be subtracted from 

atomic number

• Negative charge (gained electrons) would be added to 

atomic number



Ions practice 
• What’s the symbol with charge if

Protons = 38, electrons = 36

Protons = 15, electrons = 18

Protons = 34, electrons = 36

Protons = 20, electrons = 18

Lost electrons 

Gained electrons

Gained electrons

Lost electrons

Sr+2

P-3

Se-2

Ca+2



ISOTOPES
= atoms with the same 

number of protons 
but DIFFERENT 
numbers of neutrons

Mass Number

Atomic Number

Element Symbol

Ex.  Na-23 or Sodium-23 or 23 Na or 23Na

C-14 or Carbon-14 or 14C or 14C

B-10 or Boron-10 or 10B or 10B

11

6

5

IF you are given the number of neutrons assume it 

is an ISOTOPE and add up protons and neutrons to 

determine atomic mass.  



Isotope Practice

Element has

a. 6 p+, 8 n and 6 e-

b. 6 p+, 6 n and 6 e-

c. 19 p+, 21 n and 19 e-

d. __p+, __ n and __ e-

e. __p+, __ n and __ e-

Symbol

a. .

b. .

c. .

d. Cu-65

e. H-2

29        36               29

1          1                1

C-14
C-12
K-40

IF you are given the number of neutrons assume it is an 

ISOTOPE and add up protons and neutrons to determine 

atomic mass.  

• Protons and electrons equal the atomic number

• Neutrons equal the mass – atomic number

• For isotopes NEVER take the mass from periodic table

• ALWAYS take the mass from the symbol



Atomic Structure Practice 1st 5 answers



2-8-18 Opener
• Which subatomic particle(s) meets the following 

descriptions:

– Determines the identity of the atom

– Has a charge

– Has a mass

– Is the smallest

• Complete the following information

Symbol Atomic # Atomic mass proton Electron Neutron

Sr

13

180.95

67



What can you EXPECT on content quiz 8-10-18
• Describing classification of matter

• Identifying type of matter (element, compound, 
homogeneous, heterogeneous) 

• Identifying specific phase changes

• Identifying physical or chemical property (or change)

– Review quizlet:  https://quizlet.com/_52pu09

• Elements and group names for groups 1, 2, 13, and 14

– REMEMBER this Element quiz can replace last weeks element 
quiz grade. 

– Use this quizlet to see how well you know these elements,  
https://quizlet.com/_2ey3bp

https://quizlet.com/_52pu09
https://quizlet.com/_2ey3bp


Honors Chem Opener 8-13-18



Opener 8-13-18

Proton,   electron,    neutron

Na 11            11           23-11=12

S 16            16           32-16=16

O-18 8 8 18-8=10        [isotope]

Al-30 13            13           30-13=17     [isotope]

Ca+2 20        20-2=18      40-20=20       [ion]

N-3 7           7+3 =10      14-7=7           [ion]

• Write the number of protons, electrons and neutrons 
for each of the following elements



D. Average Atomic Mass
• Average atomic mass is the SUM of the weighted 

isotopes.  

• Must include % abundance of isotope in the 
calculation 

• on the Periodic Table

• round to 2 decimal places

• Do NOT hit the percent button on the calculator

Avg.

Atomic

Mass
=

𝑖𝑠𝑜𝑡𝑜𝑝𝑒 𝑚𝑎𝑠𝑠 ×% 𝑛𝑢𝑚𝑏𝑒𝑟 + 𝑖𝑠𝑜𝑡𝑜𝑝𝑒 𝑚𝑎𝑠𝑠 ×% 𝑛𝑢𝑚𝑏𝑒𝑟 +⋯

100



Avg.

Atomic

Mass

D. Average Atomic Mass
• EX: Calculate the avg. atomic mass of oxygen if its 

abundance in nature is 99.76% 16O, 0.04% 17O, and 
0.20% 18O.





100

(18)(0.20)(17)(0.04))(16)(99.76 16.00

amu



Avg.

Atomic

Mass

D. Average Atomic Mass
• EX: Find chlorine’s average atomic mass if 

approximately 80% are chlorine-35 and 20% are 
chlorine-37.





100

(37)(20)(35)(80) 35.40 amu



Bohr’s model
• Show’s electrons in 

energy levels around 
the atom

• Protons and 
neutrons in nucleus

• 1st energy level holds maximum of 2 electrons

• 2nd energy level holds maximum of 8 electrons

• 3rd energy level holds maximum of 18 electrons

• 4th energy level holds maximum of 32 electrons



Draw Bohr’s model for Hydrogen 
through Neon

• Valance electrons are 
electrons in the outer 
energy level of the atom.

• Notice that both Mg and 
Be have 2 valance 
electrons

• Notice that both Oxygen 
and Sulfur have 6 
valance electons 



Valance Electrons

• Elements in the same group 
(family) have the same 
number of valance 
electrons.

• EXCEPTION:  Helium has only 
2 valance electrons but it’s 
outer energy level is full so it 
is stable. 

• Transition metal bend/break 
this pattern and we will see 
why later

Group # Valance 
Electrons

1 1

2 2

13 3

14 4

15 5

16 6

17 7

18 8



8-14-18 Honors & General
• Atomic Models Q & A

1. Who’s model was the first to have empty space?

2. Which model first showed the electron?

3. What was the first atomic model called?

4. What did Bohr add to the atomic model?

5. Who’s model is called the plum pudding model?

6. Which model was the first to be able to explain the 
formation of ions?



General Chem Opener 8-15-18



RECALL that
• Protons = atomic number = identity of element

• Electrons = protons (if neutral)

– IF positive charge = lost electrons = subtract 

– IF negative charge = gain electrons = add

– Atoms with a charge are called ions

• Neutrons = mass – atomic number

– IF has different mass it is an isotope and use the mass 
with the problem NOT the mass on the table.  

– EX:  U-234, Uranium-234, 234U

p= 92,  e= 92,  n= 234-92=142



Opener 8-15-18

Proton,   electron,    neutron

Na 11            11           23-11=12

S 16            16           32-16=16

O-18 8 8 18-8=10        [isotope]

Al-30 13            13           30-13=17     [isotope]

Ca+2 20        20-2=18      40-20=20       [ion]

N-3 7           7+3 =10      14-7=7           [ion]

• Write the number of protons, electrons and neutrons 
for each of the following elements



Chapter 6 
Periodic Table

6.1 & 6.2



“The Periodic Table”



Mendeleev’s Periodic Table

• By the mid-1800s, about 70 elements were 
known to exist

• Dmitri Mendeleev – a Russian chemist and 
teacher

• Arranged elements in order of increasing 
atomic mass

• Thus, the first “Periodic Table.”



The Periodic Law says
• When elements are arranged by increasing 

atomic number there is a periodic repetition in 
their chemical  and physical properties

• Horizontal rows = periods

– There are 7 periods

– Period equals the number of energy levels

• Vertical column = group (or family) There are  
18 groups.

– Similar physical & chemical prop.

– Same number of valance electrons

– Identified by number & letter (IA, IIA)



Areas of the periodic table
Three classes of elements are:
1)metals, 
2)nonmetals, and         
3)metalloids

1) Metals: electrical conductors, have luster, 
ductile, malleable, most are solid,  lose 
electrons to form cations and are found on the 
left side of the periodic table. 

2) Nonmetals: generally brittle and non-lustrous, 
poor conductors of heat and electricity, are 
gasses or brittle solids, gain electrons to form 
an ions and are found on the right side of the 
periodic table



Areas of the periodic table
3) Metalloids: border the line (2 sides touch it).  

Properties are intermediate between metals 
and nonmetals

– Live on or below the bold line (exception 
is Aluminum)

1          

2          

3          

4                   

5                   

6                   

7                   

 

              

              

 



A. Metallic Character



Squares in the Periodic Table

• The periodic table displays the symbols and 
names of the elements, along with 

• Atomic number and atomic mass

• from the Periodic Table on our classroom 
wall

• Black symbol = solid; 

• red = gas; 

• blue = liquid   

•Outline = man made                             



Groups of elements - family names

• Group I – alkali metals

–have 1 electron in their outermost shell

–All form a +1 ion (lose electrons)    

–Except hydrogen all are metals

• Group 2 – alkaline earth metals

–have 2 electrons in their outermost shell

–ALL form a + 2 ion (lose electrons)

–All are metals 



Groups of elements - family names

• Group 3 through 12:  Transition Metals
– All are metals
– Form various ions/charges 

• Group 13 – boron family
– have 3 electrons in their outermost shell
– ALL form a +3 ion (lose electrons) 
– 1 metalloid and rest are metals 

• Group 14 – carbon family
– have 4 electrons in their outermost shell
– Form a +4 or – 4 ion  [metals are positive, 

nonmetals are negative]
– Mixture of nonmetals, metalloids and metals.



Groups of elements - family names

• Group 15 – nitrogen family 

– have 5 electrons in their outermost shell

– Form a -3 ion (gain electrons)

– Mixture of nonmetals, metalloids and metals.

• Group 16 –oxygen family

– have 6 electrons in their outermost shell

– All form a -2 ion (gain electrons)

– Mixture of nonmetals, metalloids and metals.



Groups of elements - family names

• Group 17 – halogens

– have 7 electrons in their outermost shell

– ALL form a -1 ion (gain electrons)

– Nonmetals 

• Group 18 – noble gases

– MOST have 8 electrons in their outermost shell

– Does NOT typically react with other elements (they 
are noble)

– ALL are nonmetals

– All are gases 



Other group names

–Representative elements

groups 1,2 and 13-18

–Transition metals

Groups 3-12

–Inner transition metals

Bottom two rows of table

bottom row: Actinide Series 

next to bottom row:  Lanthanide Series
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Practice 
• Select any 10 elements from Helium (2) through 

Calcium (20) and complete the following:

a. Draw Bohr’s Model (include # of protons & 
neutrons in the nucleus)

b. Write the number of valance electrons shown for 
that element

c. Write the ion that the element will form to become 
stable.  

Example:  

a. b.  1 valence electron

c.  H+1



8-15-18 Opener  Honors
• REMINDERS:  

– Density Lab Today (honors) 

– Element/Content quiz on Friday AND Physical/Chemical Lab

– Unit 1 A test on TUESDAY 8-21-18

– Unit 1 A review/study guide checked Monday 8-21-18

1. Select 3 of the elements shown below and draw their 
Bohr’s model. Mg, O, C, Be, or S

2. List characteristics (properties) of metals and nonmetals
Metals

• electrical conductors, 

• have luster, 

• are ductile, 

• are malleable.

• Most are solid

• Lose electrons

• Form positive (cations)

• Found to the left of stairs

Nonmetals

• Brittle solids or gases

• Not shiny 

• poor conductors of heat and 

electricity

• gain electrons

• Form negative (anions)

• Found to the right of the stairs



Classification of Matter





Freezing & Boiling Point Graph



Density Practice 
Problems ANSWERS

3) 13.6 g/mL

4) 158 g

5) 8.92 g/cm3

6) 238 cm3

7) 0.00196 g/mL   

8) 219.7 g

9) 11.4 g/cm3

10) 18.3 cm3

11) 0.826 g/cm3

Measurement 
Problems ANSWERS

Note if your answer has the same 

number of number as mine but the last 

digit is + or – 3 from the number in red 

you are close enough.

Ruler

A. 35.80 cm

B. 16.71 cm

C.26.25 cm

Triple Beam

A. 190.41 g

B. 37.30 g

C.536.81 g

Graduated Cylinder

A. 43.2 mL  

B. 7.59 mL

C.3.82 mL



Atomic Structure Practice 1st 5 answers



Isotopes and Average 
Atomic Mass

1) 126.86

2) 197.50

3) 55.85

4) 1.01

5) 14.07

6) 12.04

Average Atomic Mass

1) 192.25

2) 15.97

3) 24.32

4) 84.46

5) 237.98



Periodic Table Puzzles
1st puzzle activity

2nd puzzle activity



140

OPENER

Use the elements shown BELOW to answer the following 

questions.

1. Is in group 2 and fourth period

2. Is a transition metal

3. Is in the third period

4. Has 4 valance electrons 

5. Is a halogen

6. Is a noble gas

7. Forms a -1 ion

8. Has 76 protons

9. Forms a +1 ion

10.Has 22 neutrons

1. Ca

2. Os

3. Mg or Ar

4. C

5. F

6. Ar

7. F

8. Os

9. Li

10.Ar (40-18=22)



Online Resources
• Matter Video:  

https://www.youtube.com/watch?v=KRvsPh4pU90

• Matter Online textbook [page 1-10]: 
http://cms.gavirtualschool.org/Shared/Science/Chemistry/ma
tter_shared/index.html

• Physical/Chemical Changes  
https://www.youtube.com/watch?v=4ZGULLWEy1c

• Physical/Chemical Properties  
https://www.youtube.com/watch?v=Z5L2NOMEWT0

• Phase change diagram  
https://www.youtube.com/watch?v=sqkS9_MxRVU

• Phase Changes 
https://www.youtube.com/watch?v=DJM8EkRFYCI

https://www.youtube.com/watch?v=KRvsPh4pU90
http://cms.gavirtualschool.org/Shared/Science/Chemistry/matter_shared/index.html
https://www.youtube.com/watch?v=4ZGULLWEy1c
https://www.youtube.com/watch?v=Z5L2NOMEWT0
https://www.youtube.com/watch?v=sqkS9_MxRVU
https://www.youtube.com/watch?v=DJM8EkRFYCI


Atomic Models Videos
• All four explained together.

– Crash course:  https://www.youtube.com/watch?v=thnDxFdkzZs

– Tyler DeWitt https://www.youtube.com/watch?v=NSAgLvKOPLQ

• Major Models explained separately.  

• Dalton’s Model

– https://youtube.com/watch?v=JqCGUWue4eE&t=60s

• Thomson’s Model

– https://www.youtube.com/watch?v=dehxVQAUqBs

• Rutherford’s Model 

– https://www.youtube.com/watch?v=zn0xGIxoZSo

• Bohr’s Model

– https://www.youtube.com/watch?v=fm2C0ovz-3M&t=10s

• Quantum Mechanical Model will be discussed in detail in the next 

chapter

https://www.youtube.com/watch?v=thnDxFdkzZs
https://www.youtube.com/watch?v=NSAgLvKOPLQ
https://youtube.com/watch?v=JqCGUWue4eE&t=60s
https://www.youtube.com/watch?v=dehxVQAUqBs
https://www.youtube.com/watch?v=zn0xGIxoZSo
https://www.youtube.com/watch?v=fm2C0ovz-3M&t=10s


Online Resources
• Periodic table basics:  

https://www.youtube.com/watch?v=t_f8bB1kf6M

• Proton, neutron & electrons in atom and ion  
https://www.youtube.com/watch?v=G3ImfVYSxoc

• Proton, neutron & electrons in atom
https://www.youtube.com/watch?v=n4WZ0-fItt8

• Proton, neutron & electrons in an isotope 
https://www.youtube.com/watch?v=GH2bBkDmtjo

• Average atomic mass:  
https://www.youtube.com/watch?v=xirPkCI1sMA

https://www.youtube.com/watch?v=t_f8bB1kf6M
https://www.youtube.com/watch?v=G3ImfVYSxoc
https://www.youtube.com/watch?v=n4WZ0-fItt8
https://www.youtube.com/watch?v=GH2bBkDmtjo
https://www.youtube.com/watch?v=xirPkCI1sMA

