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Mixtures, Compounds, Atoms, Mixtures, Compounds, Atoms, 
and theand the

 Periodic Table Periodic Table

Chemistry in Our WorldChemistry in Our World
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Outline of TalkOutline of Talk

n Classifying MatterClassifying Matter
n HistoryHistory

Atoms, Elements, and the Periodic Table. Atoms, Elements, and the Periodic Table. 
Who is responsible for this mess?Who is responsible for this mess?

n ApplicationsApplications
What has the Periodic Table done for me What has the Periodic Table done for me 

lately?lately?

Kent State University - Stark Campus

Classification of MatterClassification of Matter
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Physical vs. ChemicalPhysical vs. Chemical

n Physical – Nature of individual Physical – Nature of individual 
substances do NOT changesubstances do NOT change

Sugar water Sugar water ®®  Sugar + Water Sugar + Water

n Chemical – Substances change Chemical – Substances change 
propertiesproperties
Sodium metal + Chlorine gas  Sodium metal + Chlorine gas  ®®  Salt Salt
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Physical SeparationPhysical Separation

Common TechniquesCommon Techniques
n EvaporationEvaporation
n DistillationDistillation
n Solvent ExtractionSolvent Extraction
n FiltrationFiltration
n ChromatographyChromatography
n ......
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Homogeneous vs. Homogeneous vs. 
HeterogeneousHeterogeneous

n Homogeneous – UniformHomogeneous – Uniform
- CoffeeCoffee
- ChocolateChocolate
- AirAir

n Heterogeneous – Not UniformHeterogeneous – Not Uniform
- Chocolate Chip CookiesChocolate Chip Cookies
- AsAs
- GraniteGranite
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Chemical ChangesChemical Changes

Change nature/properties of substanceChange nature/properties of substance
Examples include:Examples include:

n BurningBurning
n BakingBaking
n Reacting with an AcidReacting with an Acid
n Oxidation (Rusting, Bleaching, ...)Oxidation (Rusting, Bleaching, ...)
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Early TheoriesEarly Theories

Greeks (~400 B.C.)Greeks (~400 B.C.)

Earth Air

Fire Water
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Important MilestonesImportant Milestones

n Demokritos (460-370 B.C.):  Argued Demokritos (460-370 B.C.):  Argued 
that matter composed of small, that matter composed of small, 
indivisible particles, which he called indivisible particles, which he called 
atomosatomos..

n Alchemists: Driven by desire to turn Alchemists: Driven by desire to turn 
base metals into gold, performed base metals into gold, performed 
“experiments”.“experiments”.

n Robert Boyle (1627-91): First “chemist” Robert Boyle (1627-91): First “chemist” 
to perform quantitative experiments.to perform quantitative experiments.

Kent State University - Stark Campus

Dalton’s Atomic TheoryDalton’s Atomic Theory

n In 1808, Dalton published a theory that In 1808, Dalton published a theory that 
remains essentially unchanged today.remains essentially unchanged today.

n Prepared first table of atomic masses.Prepared first table of atomic masses.
- Elements composed of atomsElements composed of atoms
- All atoms of an element are identical.All atoms of an element are identical.
- Compound is a combination of elements in Compound is a combination of elements in 

fixed ratio.fixed ratio.
- Chemical reactions involve changing Chemical reactions involve changing 

arrangementarrangement  of atoms. of atoms.
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Classification of MatterClassification of Matter
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Determining Atomic MassDetermining Atomic Mass

n Assume mass of O=1.Assume mass of O=1.
n Experiment:Experiment:

- 2.0 g metal reacts with O to give 3.0 g MO2.0 g metal reacts with O to give 3.0 g MOxx

n Calculation:Calculation:
- If MIf M11OO1 1 , then mass of metal is 2 x mass O, then mass of metal is 2 x mass O

- If MIf M11OO22, then mass of metal is 4 x mass O, then mass of metal is 4 x mass O
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Early Periodic TablesEarly Periodic Tables

n 1864: Julius Lothar Meyer arranged 28 1864: Julius Lothar Meyer arranged 28 
elements into 6 families.elements into 6 families.

n 1865: Newland arranged all known 1865: Newland arranged all known 
elements into 'octaves'elements into 'octaves'

n 1869: Dmitri Mendeleev published first 1869: Dmitri Mendeleev published first 
~modern table, including all 56 known ~modern table, including all 56 known 
elements.elements.

n 1870: Meyer independently published a 1870: Meyer independently published a 
very similar table.very similar table.
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Mendeleev’s PredictionsMendeleev’s Predictions

Eka-aluminumEka-aluminum
Predicted (1871)Predicted (1871)

Atomic weight = 68Atomic weight = 68
Density = 5.9Density = 5.9

Melting Point = LowMelting Point = Low
Boiling Point = HighBoiling Point = High

Oxide = ROxide = R22OO33

GalliumGallium

Observed (1874)Observed (1874)

Atomic weight = 69.7Atomic weight = 69.7

Density = 5.91Density = 5.91

Melting Point = 30.1°CMelting Point = 30.1°C

Boiling Point = 1983°Boiling Point = 1983°

Oxide = ROxide = R22OO33
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Mendeleev’s PredictionsMendeleev’s Predictions
Eka-siliconEka-silicon

Predicted (1871)Predicted (1871)
Atomic weight = 72Atomic weight = 72

Density = 5.5Density = 5.5
Specific Heat = 0.31Specific Heat = 0.31

Melting Point = Very highMelting Point = Very high
Oxide = ROOxide = RO22

Oxide Density = 4.7Oxide Density = 4.7
Chloride = RClChloride = RCl44

bp Chloride = 100°Cbp Chloride = 100°C

GermaniumGermanium

Observed (1886)Observed (1886)

Atomic weight = 72.3Atomic weight = 72.3

Density = 5.47Density = 5.47

Specific Heat = 0.32Specific Heat = 0.32

Melting Point = 960°CMelting Point = 960°C

Oxide = ROOxide = RO22

Oxide Density = 4.70Oxide Density = 4.70

Chloride = RClChloride = RCl44
bp Chloride = 86°Cbp Chloride = 86°C

Kent State University - Stark Campus

Periodic Table is a ToolPeriodic Table is a Tool

While the emphasis of many chemistry While the emphasis of many chemistry 
courses appears to be on courses appears to be on memorizingmemorizing  
the Periodic Table, the real importance the Periodic Table, the real importance 

of the Periodic Table is its ability to of the Periodic Table is its ability to 
predict and explain chemical predict and explain chemical 

phenomena.phenomena.
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Modern Atomic TheoryModern Atomic Theory

Arrangement of atoms in Periodic Table Arrangement of atoms in Periodic Table 
can be explained using Atomic Theory.can be explained using Atomic Theory.

n Atoms composed of:Atoms composed of:
- electrons: -1 chargeelectrons: -1 charge
- protons: +1 chargeprotons: +1 charge
- neutrons: 0 chargeneutrons: 0 charge

n Electrons fill “shells” sequentiallyElectrons fill “shells” sequentially
} Nucleus
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Electron ShellsElectron Shells
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Metals and Non-metalsMetals and Non-metals
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Types of CompoundsTypes of Compounds

n Metal + Metal Metal + Metal ��  Metal (Alloy) Metal (Alloy)
- High m.p., conductive, shiny, malleable, ...High m.p., conductive, shiny, malleable, ...

n Non-metals Non-metals ��  Non-metal (Molecular) Non-metal (Molecular)
- Low m.p., insulator, brittle, ...Low m.p., insulator, brittle, ...

n Metal + Non-metal Metal + Non-metal ��  Ionic (Salt) Ionic (Salt)
- Very high m.p., insulator (but solutions Very high m.p., insulator (but solutions 

conduct electricity), crystalline, ...conduct electricity), crystalline, ...
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ConclusionConclusion


