
Ch 3 Notes: Elements, Atoms and Ions
The alchemists tried to create gold from other metals, but failed.  They discovered new elements (mercury, sulfur, antimony) and were the first to prepare acids.

The most abundant element in the earth’s crust and atmosphere is oxygen.
Oxygen is also the most abundant element in the human body.  There is much carbon in the human body, but not in the crust.
The names of elements came from Latin, Greek, places where the element was discovered, and from famous scientists.

Examples:
· Chlorine = color in Greek

· Californium – discovered in California.
Element symbols are abbreviations for the elements.  C = carbon, F = fluorine
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3.2 Atoms and Compounds

The law of constant composition – a compound always has the same proportion of elements.  They knew it by mass.  8g O : 1g H
Dalton’s Atomic Theory

1. Elements are made of atoms.

2. All atoms of a given element are identical.

3. The atoms of a given element are different from those of any other element.

4. Atoms of one element can combine with atoms of other elements to form compounds.  A compound always has the same number of each atom in it.

5. Atoms are not created or destroyed in chemical reactions.  Atoms rearrange in a chemical reaction.

A chemical formula shows the number of each type of atom in a compound.  Ex: SO3, N2O5, C6H12O6
3.3 The Structure of the Atom
Thomson’s experiment:  He discovered the electron.
· Observation 1: The glowing ray was repelled by a negatively charged plate

· Conclusion: Rays are negatively charged particles.
· Observation 2: Any metal could be used as an electrode with the same result.

· Conclusion: all elements must have these particles.

· Electrons are small, negatively charged particles. 
· Plum Pudding Model – JJ Thomson and William Thomson thought that electrons were stuck in a positively charged ball, like plums in pudding.
Rutherford’s Experiment
· Ernest Rutherford studied alpha particles.  He shot alpha particles through a thin piece of gold.  
· α-particles (α = alpha) are relatively massive (heavy) and positively (+) charged

· Hypothesis: If an atom had a spread out positive charge, then α-particles could go straight through the atom.
· Observation #1: Most alpha rays passed straight through

· Conclusion: Most of the atom is empty space.

· Observation #2: Some were pushed away

· Conclusion: Small area of positive charge

· Observation #3: Some bounced straight back

· Small area of huge mass (high density).

· The Nuclear Atom
· The dense, positive center of an atom is called the nucleus.  Rutherford said that an atom is made of mostly space, with a small nucleus in the center.
· The nucleus contains protons.  Protons have a +1 charge.  Electrons have a -1 charge.  Neutrons have zero charge.
· James Chadwick and Rutherford showed that the nucleus also contains neutrons, but are a little more massive than protons.

Protons and neutrons are much more massive than electrons.
	
	Protons
	Neutrons
	Electrons

	Mass
	1
	1
	1/1836

	Charge
	+1
	0
	-1


· Atoms contain the same number of protons and electrons, but may have different numbers of neutrons.

· Isotopes are atoms with the same number of protons but different numbers of neutrons.  Example: Carbon 12, 13

· The atomic number of an atom is the number of protons it has.

· The mass number is the number of protons plus neutrons.

A = mass number

Z = atomic number

Mass number = # protons + # neutrons

3.4 Using the Periodic Table
· The periodic table shows the atomic number above the symbol of each element. 

· What is the atomic number of carbon?  Yes, 6

· The columns (up and down) are called groups.  They have similar chemical properties.

· “1A” is called “group 1.”

Group 1: alkali metals

Group 2: alkaline earth metals

Group 7: halogens

Group 8: Noble gases

· The transition metals are between 2A and 3A.

· Metals have these characteristics:

1. Good conduction of electricity

2. Malleability (can be hammered flat)

3. Ductility (can be pulled into wires)

4. A lustrous appearance (shiny)

· The metals are on the left side of the periodic table.

· Nonmetals have these characteristics:

1. Usually poor conductivity.

2. Brittle (break easily).

3. Dull (not shiny) appearance.

· The nonmetals are on the right side.

· Metalloids are along the stairs on the periodic table.

· Some elements exist in the pure form.  Ex: gold (Au).

· Most elements exist in a combined form, not the pure form.  Ex.: Iron is found as Iron Oxide Fe2O

· Atoms in group 8 (“the noble gases”) do not combine readily with other elements.

· Some gases are diatomic molecules, which have two atoms.  Ex: O2
· Remember: HOFBrINCl (H, O, F, Br, I, N and Cl form diatomic molecules).
· Gas, Liquid or Solid Elements

· Gas: H, N, O, F, Cl and group 8A are gases at room temperature (25 °).

· Liquid: Bromine (Br2) and mercury (Hg) are liquids at 25 °C.

· Solid: All other elements are solid at 25 °C.

3.5 Ions
Atoms are neutral.  Example: sodium
	Name
	Symbol
	# protons
	# electrons

	Sodium
	Na
	11
	11


· If sodium loses an electron, it will have a positive charge (+1) because there is one more proton than electrons.

· If chlorine gains an electron, it will have a negative charge (-1).

· Cations have a (+) positive charge. 

· Anions have a (-) negative charge.

	Name
	Symbol
	# protons
	# electrons

	Sodium
	Na+
	11
	10

	Chlorine
	Cl-
	17
	18


· If the charge is only 1+ or 1- , don’t write “1.”  Ex: Na+
Some groups form one type of ion:

	Group
	1A
	2A
	3A
	6A
	7A

	Charge
	1+
	2+
	3+
	2-
	1-

	Example
	Na+
	Mg2+
	Al3+
	O2-
	F-


Properties of ionic compounds

Ionic compounds contain a cation and an anion.  They are held together by the attraction between the positive and negative charges.

· Ionic compounds have relatively high boiling points.
· Ionic compounds in the solid state cannot conduct electricity.
· A solution of an ionic compound can conduct electricity.
· Melted ionic compounds can conduct electricity.
· Solutions of ionic compounds and melted ionic compounds can conduct electricity because the electrons are free to move around.

Formulas
The “subscript” is the number that shows how many atoms are in the compound.

If there is only one type of atom, you don’t write “1.”
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· Ionic compounds form when a cation (+) combines with an anion (-).

Ex.

Na+ + Cl- ( NaCl

· Molecules will ONLY form if the overall charge is zero.

· Need to figure out the correct combination of positives and negatives using the SMALLEST # of atoms.

Example

· What is the charge of Mg (magnesium)?

+2

· What is the charge of a Cl (chlorine)?

-1

· If we mixed a beaker Mg with a beaker of Cl, what would the formula and the name of the molecule be that forms?             


Mg2+   +  Cl- + Cl-    (    MgCl2
Charge: 2+             2(1-)                 0
· What is the molecule and name that forms from Ca2+ and O2- ?
Answer: CaO
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