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• Democritis  (500 BC)

• John Dalton

CHAPTER 2

ATOMS, MOLECULES, AND IONS

Early Ideas In Atomic Theory [2.1]

• Aristotle



(1) Elements made of small, indivisible particles called “ATOMS”



(2) All atoms of a given element are IDENTICAL, & have same mass



(3) Atoms of any element are DISTINCT from atoms of any other, & hence have different masses



(4) LAW OF MULTIPLE PROPORTIONS—

Compounds = elements combine in small, whole-number ratios.

(textbook, “A compound consists of atoms of two or more elements combined in a small, whole-number 
ratio. In a given
compound, the numbers of atoms of each of its elements are always present in the same ratio.”  p67/75)



(5) CONSERVATION OF MATTER—in a chem rxn, atoms only re-arrange.  [Antione Lavoisier, ~1785]


Law of Constant Composition

Daltons Atomic Theory  (1803)

For compounds comprised of the same elements (e.g., NO and N₂O₃), atoms of different elements 
combined together, in fixed ratios [Joseph Proust]



(EX)  Law Of Multiple Proportions

¿What is the ratio of the numbers of oxygen atoms that are combined with a given number of nitrogen 
atoms in the compounds N2O3 and NO?

① ratio the two compounds being compared 

② pick one of the compounds, and multiply by a factor (if necessary) that gives the same number of 
atoms of a given element on the top and bottom… can be any of the elements

③ cancel-out the element which has the same number of atoms on the top and the bottom

④ the numeric ratio which remains is the multiple proportion

A Process for Determining the Multiple Proportion



(EX)  Law Of Multiple Proportions

¿What is the ratio of the number of chlorine atoms for the materials described by CuxCly, wherein green 
crystals have a mass ratio of 0.558 gCl/g Cu, and brown crystals have a mass ratio of 1.116 gCl/gCu?



Evolution Of Atomic Theory [2.2]

JJ Thomson – CRT – Discovered The Electron

Atomic Theory After The Nineteenth Century

CRT

⮑ invented in 1897 by Ferdinand Brann

⮑ precursor of CRT television

⇓

	 	 	 ELECTRON

OBSERVATIONS

⮑ casts shadow, ↬ straight line

⮑ magnetic deflection, ↬ (–) charged

⮑ turns wheel, ↬ has mass

⮑ e/m = 1.8E8 coulomb/gram

	 • same regardless of gas type

	 • same regardless of electrode composition

	 • same regardless of electrical source




⮑ Thomson’s research -> chg/mass = 1.759 E11 C/kg
⮑ named per George Stoney’s earlier work in 1891



⇓

[next page:  Observations & Conclusions]

Robert Milligan – Oil Drop – Discovered Mass Of Electron



Milligan – Oil Drop Experiment:  Observations & Conclusions

⮑ The charge of an oil droplet is always a multiple of a specific charge,

	 1.6 E−19 C.

⮑ Thomson’s research -> chg/mass = 1.759 E11 C/kg



Ernest Rutherford – Gold Foil – Discovered Nucleus

CONCLUSIONS

⮑ atom is mostly Empty Space

⮑ most mass takes up very little space in the center 
of the atom

⮑ (+) positive charge material is in that central mass

⇓

I CAN’T BELIVE YOU SAID THAT… 
”It was quite the most incredible event that has ever happened to me in my life. It was almost as if you fired a 15-inch shell 
into a piece of tissue paper and it came back and hit you."



LECTURE STOP



James Chadwick – Radioactive Bombardment – Discovered Neutron

Summary — Atomic “Parts” Discovered

⮑ electron — Thompson — CRT

⮑ charge (and hence mass) of electron — Millikan — Oil Drop

⮑ nucleus — Rutherford —Gold Foil

⮑ neutron — Chadwick — radioactive bombardment of Be






Atomic Structure And Symbolism [2.3]

Atomic Number & Mass Number & Chemical Symbols

Subatomic Particle Properties



• Frederic Soddy – Radioactive Decay – Discovered Isotopes

Isotopes and Nuclides

(EX)  ¿Who am I?

A = 15, # neutron = 8A = 12; z = 6



Nomenclature of Isotopes



zum 4.38

a. Z  26, A  54
b. the isotope of iron with 30 neutrons
c. number of protons-26, number of neutrons-31
d. the isotope of nitrogen with 7 neutrons
e. Z  7, A  15
f. atomic number 7, number of neutrons-8

(EX)  Write the atomic symbol for each of the isotopes described below.



(a) 5 protons, 5 electrons, 5 neutrons; 

(b) 80 protons, 80 electrons, 119 neutrons; 

(c) 29 protons, 29 electrons, 34 neutrons; 

(d) 6 protons, 6 electrons, 7 neutrons; 

(e) 34 protons, 34 electrons, 43 neutrons

EOC 2.18

Na +

O 2–

(EX)  Give the number of protons, electrons, and neutrons in neutral atoms of each of the following isotopes:



⮑ average of isotopes

⮑ all averages have fractional values, although all individual isotopes 
(nuclides) comprising the average are Integers

Atomic Mass:  A Weighted Averge



Mass Spectroscopy



Figure 2.16 Methane  (a) a molecular formula, (b) a structural formula, (c) a ball-and-stick model, and 
(d) a space-filling model. 

Types of Formulas

Atoms & Molecules

Chemical Formulas [2.4]



9 Molecular Elements

Empirical Vs. Molecular Formula



(EX)  Empirical & Molecular Formulas                    [ex 2.6b]

¿A molecule of metaldehyde (a pesticide used for snails and slugs) contains 8 carbon 
atoms, 16 hydrogen atoms, and 4 oxygen atoms. What are the molecular and empirical 
formulas of metaldehyde? 



Isomers



The Periodic Table [2.5] 





Molecular And Ionic Compounds [2.6]

Elements vs. Atom vs. Compounds vs. Molecules vs. Ions



(EX)  Classify Substances



Molecular vs. Ionic Compounds

NOTE:  

COVALENT Compounds will not be discussed until later in the semester…


…for now, let’s focus on IONIC Compounds.



Ionic Compounds are formed from a metal and a non-metal

• Know the tell-tale sign for ionic compounds   

   ⮑ Metal cation + Non-metal anion



• The metal and non-metal combine in a ratio 
which makes the overall molecule CHARGE 
NEUTRAL

Ions:  The Driving Force for Ionic Compound Formation



Classes of Ions



Chemical Nomenclature [2.7]





• The metals highlighted in green are Type I.

• You may assume, for purposes of this class only, that all metals between Group 1–13 that are not 
green are Type II.

DISCLAIMER: 

• some of the non-highlighted metals are, indeed, Type 1 — however, you need not memorize them. If that 
information is needed, you will be informed. 

• as far as memorizing, you only need to memorize that the “6-pack” and the first two Groups are Type I.



I.  M + nM

II.  M + nM

CuCl

CuCl₂

CaCl₂

Examples of Type I, II, & III Compounds



CO

NO

N₂O

CO₂

III.  nM + nM



POLYATOMIC ACIDS AND IONS



ic, ous ACIDS  — ate, ite ANIONS

H₂SO₄

Memorize These Oxy-acids

• sulfuric acid

• nitric acid

• phosphoric acid

• acetic acid

• chloric acid



The “Extended Family”

HClO₃



S S^2- SO2 SO3 SO3^2- SO4^2- H2SO3 H2SO4

element —> ide

ic —> ate


ous —> ite

Atoms, Molecules, and their Ions… Don’t get them confused



COMMON NAMES – “The Resistant Ones”

SPECIAL CASE – BINARY ACIDS



(EX)  IONIC VS. MOLECULAR (COVALENT)

¿Are the following Ionic or Covalent/Molecular? Why?  [ex 2.12b]



(EX)  NOMENCLATURE:         NAME —> FORMULA

[answers next page]



(EX)  NOMENCLATURE:         NAME —> FORMULA



Type I name

no II, no III

Type I name

no II, yes III --> prefixes

Type I name

no II, no III

Type I name

yes II --> RN 

(around the bend)

(EX)  NOMENCLATURE:  FORMULA —> NAME



Type I name

no II, no III

Type I name

no II, yes III --> prefixes

(EX)  NOMENCLATURE:  FORMULA —> NAME

Type I name

no II, no III

Type I name

yes II --> RN 

(around the bend)


