
Unit 3: 

“Atoms, Matter, & The 

Periodic Table” 

http://www.youtube.com/watch?v=cnXV7Ph3WPk 



Matter (Made of Atoms) 

Matter is anything that: a) has mass, 

and b) takes up space 

Mass = a measure of the amount of 

“stuff” (or material) the object 

contains (don’t confuse this with 

weight, a measure of gravity) 

Volume = a measure of the space 

occupied by the object 



Sizing up the Atom 
 Elements are able to be subdivided into 

smaller and smaller particles – these are 

the atoms, and they still have properties 

of that element 

If you could line up 100,000,000 

copper atoms in a single file, they 

would be approximately 1 cm long 

Despite their small size, individual 

atoms are observable with instruments 

such as scanning tunneling (electron) 

microscopes 



 Defining the Atom 

 The Greek philosopher Democritus (400 

B.C.) was among the first to suggest the 

existence of atoms (from the Greek 

word “atomos”) 

 He believed that atoms were indivisible and 

indestructible 

 

 His ideas did agree with later scientific 

theory, but did not explain chemical 

behavior, was not based on the exp.data 



Subatomic Particles 

POSITIVE

CHARGE

PROTONS

NEUTRAL

CHARGE

NEUTRONS

NUCLEUS

NEGATIVE CHARGE

ELECTRONS

ATOM

Most of the atom’s mass. Atomic Number 

equals the # of... 

in a neutral atom 



Subatomic Particles Cont. 

 Quarks 

 6 types 

• 3 quarks = 1 proton or 1 neutron 



Subatomic Particles 

Particle Charge Mass (g) Location 

Electron 

    (e-) 

 

-1 

 

    9.11 x 10-28 

 

Electron 

cloud 

Proton 

    (p+) 

 

+1 

 

    1.67 x 10-24 

 

Nucleus 

Neutron 

    (no) 

 

0 

 

    1.67 x 10-24 

 

Nucleus 

http://www.youtube.com/watch?v=hhbqIJZ8wCM 

 

http://www.youtube.com/watch?v=hhbqIJZ8wCM


Alchemy (next 2000 years) 

• Mixture of science and mysticism.   

• Lab procedures were developed, but 

alchemists did not perform controlled 

experiments like true scientists. 



John Dalton (1807) 

British Schoolteacher 

based his theory on 

others’ experimental 

data 

Billiard Ball Model 

atom is a  

uniform,  

solid sphere 



Dalton’s Atomic Theory  (experiment based!) 

3) Atoms of different elements combine in 

simple whole-number ratios to form 

chemical compounds 

4) In chemical reactions, atoms are combined, 

separated, or rearranged – but never 

changed into atoms of another element. 

1) All elements are composed of 

tiny indivisible particles called 

atoms 

2) Atoms of the same element are 

identical.  Atoms of any one 

element are different from 

those of any other element. 
 

 John Dalton 

(1766 – 1844) 



Henri Becquerel (1896) 

 Discovered radioactivity 

spontaneous emission 

of radiation from the 

nucleus 

 Three types: 

alpha () - positive 

beta () - negative 

gamma () - neutral 



J. J. Thomson (1903) 

 Cathode Ray Tube 

Experiments 

 beam of negative particles 

 

 

 

 

 Discovered Electrons 

 negative particles within the 

atom 

 Plum-pudding Model 



J. J. Thomson (1903) 

Plum-pudding Model 

positive sphere 

(pudding) with  

negative electrons 

(plums) dispersed 

throughout 



Ernest Rutherford (1911) 

Gold Foil Experiment 

Discovered the nucleus 

dense, positive 

charge in the center 

of the atom 

Nuclear Model 



Gold Foil Experiment 

 Alpha particles are helium nuclei - 

The alpha particles were fired at a thin 

sheet of gold foil 

 Particles that hit on the detecting 

screen (film) are recorded 



Rutherford’s problem: 
In the following pictures, there is a target 

hidden by a cloud. To figure out the shape of 

the target, we shot some beams into the cloud 

and recorded where the beams came out. Can 

you figure out the shape of the target?  

Target 

#1 

Target 

#2 



The Answers: 

Target #1 Target #2 



Rutherford’s Findings 

a) The nucleus is small 

b) The nucleus is dense 

c) The nucleus is positively 

charged 

 Most of the particles passed right through 

 A few particles were deflected 

 VERY FEW were greatly deflected 

“Like howitzer shells bouncing 

off of tissue paper!” 

 

Conclusions: 



Ernest Rutherford (1911) 

 Nuclear Model 

dense, positive nucleus surrounded by 

negative electrons 



Niels Bohr (1913) 

 Bright-Line Spectrum 

 tried to explain presence of 

specific colors in hydrogen’s 

spectrum 

 Energy Levels 

 electrons can only exist in 

specific energy states 

 Planetary Model 



Niels Bohr (1913) 

 Planetary Model 

 electrons move in circular 

orbits within specific energy 

levels 

Bright-line spectrum 



Mass of the Electron 

1916 – Robert Millikan determines the mass 

of the electron: 1/1840 the mass of a 

hydrogen atom; has one unit of negative 

charge 

The oil drop apparatus 

Mass of the 

electron is  

9.11 x 10-28 g 

 



Erwin Schrödinger (1926) 

 Quantum mechanics  

 electrons can only exist in 

specified energy states 

 Electron cloud model  

 orbital: region around the 

nucleus where e- are likely to 

be found 



Erwin Schrödinger (1926) 

Electron Cloud Model (orbital) 

 dots represent probability of finding an e-  

not actual electrons  



James Chadwick (1932) 

 Discovered neutrons 

 neutral particles in the nucleus 

of an atom 

 Joliot-Curie Experiments 

 based his theory on their 

experimental evidence 



James Chadwick (1932) 

Neutron Model 

 revision of Rutherford’s Nuclear Model  



Mass Number & Atomic Number 

 Mass Number -Sum of the protons and 

neutrons in the nucleus of an atom. 

 

 Atomic Number -  equals the number of 

protons in the nucleus of an atom 

Equal to # electrons in a neutral atom 

Both Always a whole 

numbers. 

# of neutrons = mass # - atomic # 



Atomic Mass 

 atomic mass unit (amu) 

 1 amu = 1/12 the mass of a 12C atom 

1 proton = 1 amu  

1 neutron = 1 amu 

1 amu = 1.67  10-24 g 



Isotopes 

 Atoms of the same element with 

different numbers of neutrons. 

C
12

6

Mass # 

Atomic # 

 Isotope symbol: 

“Carbon-12” 



Isotopes 
http://www.youtube.com/watch?v=EboWeWmh5Pg 

 

http://www.youtube.com/watch?v=EboWeWmh5Pg


Isotopes 

Average Atomic Mass 

reported on Periodic Table 

weighted average of all isotopes 

atoms of # total

atoms) of )(## (massatoms) of )(## (mass 


Avg. 

Atomic 

Mass 

http://www.youtube.com/watch?v=m15DWkkGe_0 

 

http://www.youtube.com/watch?v=m15DWkkGe_0


Avg. 

Atomic 

Mass 

Isotopes 

 EX: About 8 out of 10 chlorine atoms are chlorine-35.  

Two out of 10 are chlorine-37. 





atoms 10

atoms) u)(2 (37atoms) u)(8 (35
35.4 u 



The Periodic Table  



A.  Dmitri Mendeleev 

 Dmitri Mendeleev (1869, Russian) 

• Organized elements by 

increasing atomic mass. 

• Predicted the existence of 

undiscovered elements. 



B. Henry Mosely 

 Henry Mosely (1913, British) 

• Organized elements by 

increasing atomic number. 

• Fixed problems in Mendeleev’s 

arrangement. 



Major Group of Periodic Table 

1          

2          

3          

4                   

5                   

6                   

7                   

 

              

              

 

 Metals 

 Nonmetals 

 Metalloids 



Table Sections 

1          

2          

3          

4                   

5                   

6                   

7                   

 

              

              

 

 Representative Elements 
 Transition Metals 
 Inner Transition Metals 



Table Sections 

1                                 

2                                 

3                                 

4                                 

5                                 

6                                 

7                                 

 

Lanthanides - part of period 6 

Actinides - part of period 7 

Overall Configuration 



C.  Columns & Rows 

1          

2          

3          

4                   

5                   

6                   

7                   

 

              

              

 

 Group (Family) 

 Period 



Metals 

 Good Conductors of Heat and electricity 

 Luster/Shiney 

 Mostly solid 



Nonmetals 

 Poor  conductors of heat and electricity 

 Many are gases 

 Solids are brittle 



Metalloids 



Chemical Symbols 

Capitals matter 

Element symbols contain ONE 

capital letter followed by lowercase 

letter(s) if necessary. 

Co   vs.   CO 
Metal that 

forms bright 

blue solid 

compounds. 

Poisonous 

gas. 



Periodic Trends 

 



 Periodic Law 

• Properties of elements repeat 

periodically when the elements 

are arranged by increasing 

atomic number. 

Terms 



 Terms 

 Valence Electrons 

 e- in the outermost energy level 

 Atomic Radius 

First Ionization Energy 

• energy required to remove an e- 

from a neutral atom 



Periodic Trends 

1          

2          

3          

4                   

5                   

6                   

7                   

 

 Atomic Radius 

• Increases to the LEFT and DOWN. 



Periodic Trends 

1          

2          

3          

4                   

5                   

6                   

7                   

 

 First Ionization Energy 

• Increases to the RIGHT and UP. 



Periodic Trends 

 Which atom has the larger radius? 

•Be or Ba 

•Ca or Br 

Ba 

Ca 



Periodic Trends 

 Which atom has the higher 1st I.E.? 

•N or Bi 

•Ba or Ne 

N 

Ne 



Periodic Trends 

 Group # = # of valence e- (except He) 

Families have similar reactivity. 

 Period # = # of energy levels 

1          

2          

3          

4                   

5                   

6                   

7                   

 

1A 

2A 3A  4A  5A  6A  7A 

8A 



Dot Diagrams 

 Dots represent the valence e- 

 EX: Sodium 
EX: Chlorine 



Chemical Bonds 

Why Do Atoms 

Combine? 



H2O 
2 hydrogen atoms 

1 oxygen atom 

Chemical Formula 

 Shows: 

1) elements in the compound 

2) ratio of their atoms 



Chemical Bond 

 Def. Strong attractive force between atoms or 

ions in a molecule or compound. 

 

 Formed by: 

 transferring e- (losing or gaining) 

 sharing e- 



Stability 

 Octet Rule 

 most atoms form bonds in order to have 8 valence e- 

 full outer energy level 

 like the Noble Gases! 

Ne 

Stability is the driving force behind bond 

formation! 



Stability 

 Transferring e- 

Sharing e- 



Kinds of Chemical 

Bonds 



Ionic Bond 

 Attraction between 2 oppositely charged ions 

 Ions - charged atoms 

 formed by  

transferring e- 

from a metal  

to a nonmetal 



Ionic Bond 

 ions form a 3-D crystal lattice  

NaCl 



Covalent Bond 

 Attraction between neutral atoms 

 formed by sharing e- between two nonmetals 



Covalent Bond 

 covalent bonds result in discrete molecules 

Cl2 H2O NH3 



Nonpolar Covalent Bond 

• e- are shared equally 

• usually identical atoms  

Covalent Bond 



Polar Covalent Bond 

• e- are shared unequally between 2 

different atoms 

• results in partial opposite charges 

+ - 

Covalent Bond 



Nonpolar 

 

Polar 

 

 Ionic 

View Bonding Animations. 

B. Covalent Bond 

http://207.10.97.102/chemzone/lessons/03bonding/dogbonds.htm


C. Comparison Chart 

   

   

   

   

   

   

 

IONIC COVALENT 

Electrons 

Melting 

Point 

Soluble in  

Water 

Conduct 

Electricity 

Other 

Properties 

transferred from 

metal to nonmetal 

high 

yes             

(solution or liquid) 

yes 

crystal lattice of ions, 

crystalline solids 

shared between 

nonmetals 

low 

no 

usually not 

molecules, odorous 

liquids & gases 



Classification of Matter 

Describing Matter 

MATTER 



Physical Property 

 A characteristic of a substance that can be 

observed without changing its identity. 

 can be used to separate mixtures 

 EX: magnetism, density, viscosity, density, color, etc. 

 ask yourself is it still the SAME substance 

 

 

 



Physical Properties of Matter 

 Viscosity 

 - the tendency of a liquid to keep from flowing 

 - the greater the viscosity, the slower the liquid moves 

  ex. oil vs. honey 

 - will usually decrease when it is heated 

 Conductivity 

 - materials ability to allow heat to flow 

  ex. metal vs. wood 



Physical Properties of Matter 

 Malleability 

 - ability of a solid to be hammered without shattering 

  ex. silver vs. glass 

 Hardness 

 - can be compared by examining which object 

scratched 

  ex. knife against copper sheet 

             copper sheet will scratch 

 



Physical Properties of Matter 
 Melting/Boiling points 

 - Melting pt.: temperature at which a substance 

changes from a solid to liquid 

  ex. ice cube at room temperature 

 - Boiling Pt.: temperature at which a substance boils 

  ex. water boils at 100o C 

 Density 

 - the ratio of a materials mass to its volume 

 - D= M/V 

 



Physical Change 

 A change in the form of a substance without 

changing its identity. 

 properties remain the same 

 reversible 

 can be used to separate mixtures 

 EX: dissolving, grinding, tearing, cutting, crumpling  



Chemical Property 

 A characteristic that indicates whether a 

substance can undergo a specific chemical 

change. 

 EX: flammability, reactivity 



Chemical Properties of Matter 
 Definition 

 - any ability to produce a change in the composition 

of matter 

 - can only be observed when the substances in a 

sample of matter are changing into a different 

substance 

 Flammability 

 - material’s ability to burn in the presence of oxygen 

  ex. newspaper, gasoline 

 



Chemical Properties of Matter Cont. 

 Reactivity 

 - describes how readily a substance combines 

chemically with other substances 

  ex. iron turns to rust in the presence of  

               oxygen 

 



C. Chemical Change 

 A change in the identity of a substance. 

 properties change 

 irreversible 

 Signs: color change, formation of a gas/solid, release 

of light/heat 

 EX: burning, rusting 



Chemical Changes of Matter 
 Chemical Change 

 - a change that produces one or more new substances 

  ex. ripening fruit: banana 

 

 - all chemical changes are accompanied by changes in 
energy, hence either endothermic or exothermic 

  

 - atoms rearrange during chemical change, forming 
and breaking bonds, its new arrangement  of atoms 
results in a material completely different from the 
starting material  
 



Chemical Changes Cont. 

 How do you know if a chemical changed 

occurred? 

 - look for evidence 

 Evidence of a chemical change 

 - the evolution of a gas 

 - the formation of a precipitate 

 - the evolution or absorption of heat 

 - emission of light 

 - color change in the reaction system 



Chemical vs. Physical Change 

 How do you know if it’s a physical or chemical 

change? 

 - can be very tricky, they will both change some 

of the substances attributes 

  

 - a chemical change will produce a new 

substance 

  ex. burning paper 

 



Classification of Matter 

Composition of Matter 

MATTER 



Matter Flowchart 

MATTER 

Can it be separated by  

physical means? 

Homogeneous 

Mixture 

(solution) 

Heterogeneous 

Mixture 
 

Compound 

 

Element 

MIXTURE PURE SUBSTANCE 

yes no 

Can it be decomposed 

by chemical means? 
no yes Is the composition 

uniform? 
no yes 



Pure Substances 

 Element 

 matter composed of identical atoms 

 EX: copper 



Pure Substances 

 Compound 

 matter composed of 2 or more 

elements in a fixed ratio 

 properties differ from those of 

individual elements 

 EX: salt (NaCl) 



 Mixtures 

 Variable combination of 2 or more pure 

substances. 

 Homogeneous Mixture (Solution) 

 even distribution of components 

 very small particles 

 particles never settle 

 EX: saline solution 



Mixtures 

 Heterogeneous Mixture 

 uneven distribution of components 

 colloids and suspensions 

 EX: granite 



Mixtures 

 Colloid 

 medium-sized particles 

 Tyndall effect - particles scatter light 

(looks cloudy) 

 particles never settle 

 EX: milk 



 Mixtures 

 Suspension 

 large particles 

 particles scatter light  

 particles will settle  

(needs to be shaken) 

 EX: fresh-squeezed lemonade 


