Mixtures, Compounds, Atoms,
and the
Periodic Table

Outline of Talk

n Classifying Matter
n History

Atoms, Elements, and the Periodic Table.
; ; . A ) =
Chemistry in Our World Who is responsible for this mess?

n Applications

What has the Periodic Table done for me
lately?

Classification of Matter

Physical vs. Chemical

n Physical — Nature of individual
substances do NOT change

Physical |[5- Substance Sugar water ® Sugar + Water
Techniques

Chemical n Chemical — Substances change
Compoundsp Lt s properties
eactions

Sodium metal + Chlorine gas ® Salt
Different types Single type
of atoms of atom
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Physical Separation Homogeneous vs.

Heterogeneous
Common Techniques n Homogeneous — Uniform
Evaporation

- Coffee
Distillation - Chocolate
Solvent Extraction = (il

Filtration n Heterogeneous — Not Uniform

- Chocolate Chip Cookies P
Chromatography - As
- Granite
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Chemical Changes

Change nature/properties of substance
Examples include:

Burning

Baking

Reacting with an Acid

Oxidation (Rusting, Bleaching, ...)
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Important Milestones

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

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

n Robert Boyle (1627-91): First “chemist”

to perform quantitative experiments.
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Classification of Matter

Early Theories

Greeks (~400B.C.)

Dalton’s Atomic Theory

n In 1808, Dalton published a theory that
remains essentially unchanged today.
n Prepared first table of atomic masses.
- Elements composed of atoms
- All atoms of an element are identical.
- Compound is a combination of elements in
fixed ratio.
- Chemical reactions involve changing
arrangement of atoms.
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Determining Atomic Mass

n Assume mass of O=1.
n Experiment:

- 2.0 g metal reacts with O to give 3.0 g MO,

i Pysieel , Pure Substancg
Mixture Teohniques Pure Substance
n Calculation:

<ChB—m_i°al> - If M,0O,, then mass of metal is 2 x mass O
Reactions - If M,0,, then mass of metal is 4 x mass O

Different types Single type
of atoms of atom
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Early Pe ri O d i C Tab I eS DmitriMendeleev's Periodic Table

published 1872
n 1864: Julius Lothar Meyer arranged 28 SRl TR SOimel SRR OERY SR S S
elements into 6 families e e L
E 2iL=7 - Be=94 B=1 C=12 N=14 0=16 F=13
n 1865: Newland arranged all known B . . e e
elements into 'octaves' BT L B e e T e
o ) ) PSR N N e 1
n 1869: Dmitri Mendeleev published first A RS R SR S e S e e
; - S e I s S e = = SiE
~modern table, including all 56 known R = = - = =
i o T LTy e G
elements 1 (Au=189) Hg =200 Ti=204] Pb =207 Bi=208 — e ]
n . it = = DTSl I e
n 1870: Meyer independently published a

Mendeleev’s Predictions

Eka-silicon Germanium
; ; Predicted (1871 Observed (1886)
Eka-.alummum Gallium Atomic weight = 72 Atomic weight = 72.3
Predicted (1871) Observed (1874 ¢ '

] - Density = 5.5 =
Atomic weight = 68 Atomic weight = 69.7 Specific Heat = 0.31 SpeD(jf?:Ize;tsz ”

Density = 5.9 . . S .
Melting Point = Low Meltﬁzns’?ilm :5301 1°C Meltln%i’icc);gt:—l_\?/&ry high Melting.Point =960°C
Boiling Point = High Boiling Point = 1983° Oxide Density :‘4.7 Oxide = RO,
Oxide = R,0, Oxide = R,0, Chioride = RCl, Oxide Density = 4.70
bp Chioride = 100°C Chloride = RCl,
bp Chloride = 86°C

Mendeleev’s Predictions

Periodic Table is a Tool
Date of Discovery
1
Nl o J1E N While the emphasis of many chemistry
A courses appears to be on memorizing
vid|Fe lcollnill cull 2o ol B: ks the Periodic Table, the real importance
vz ol R all vnfl al agll callindlsn e (rell 1 of the Periodic Table is its ability to

Lol sl ir lipcdl ol selfmid o 5 R predict and explain chemical
phenomena.
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Electronegativities
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Modern Atomic Theory.

Arrangement of atoms in Periodic Table
can be explained using Atomic Theory.
n Atoms composed of:
- electrons: -1 charge
- protons: +1 charge
- neutrons: 0 charge ¢ Nucleus
n Electrons fill “shells” sequentially
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Metals and Non-metals
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Conclusion
Types of Compounds
n Metal + Metal

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

Non-metal (Molecular)

n Non-metals
- Low m.p., insulator, brittle, ...
n Metal + Non-metal lonic (Salt)

- Very high m.p., insulator (but solutions
conduct electricity), crystalline, ...
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