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Dalton’s Atomic Theory (1808)

. Elements are composed of extremely small particles

called atoms.

. All atoms of a given element are identical, having the

same size, mass and chemical properties. The atoms of
one element are different from the atoms of all other
elements.

. Compounds are composed of atoms of more than one

element. In any compound, the ratio of the numbers of
atoms of any two of the elements present is either an
integer or a simple fraction.

. Achemical reaction involves only the separation,

combination, or rearrangement of atoms; it does not
result in their creation or destruction.

Dalton’s Atomic Theory
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Millikan’s Experiment

Charged plate Ol droplets

Atomizer

Measured mass of e
(1923 Nobel Prize in Physics)

Charges! plate

e charge =-1.60 x 10 C
Thomson's charge/mass of e =-1.76 x 108 C/g

e mass=9.10x10%8¢g 7

Types of Radioactivity
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Thomson’s Model

Paositive charge spread
over the entine sphere

Rutherford’s Experiment

(1908 Nobel Prize in Chemistry)
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Frtecting serecn
o particle velocity ~ 1.4 x 107 m/s
(~5% speed of light)

1. atoms positive charge is concentrated in the nucleus
2. proton (p) has opposite (+) charge of electron (-)
3. mass of p is 1840 x mass of " (1.67 x 10> g)
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Rutherford’s Model of
the Atom

atomic radius ~ 100 pm =1 x 10 m

nuclear radius ~5 x 10° pm =5 x 10> m

“If the atom is the Houston
“ Astrodome, then the nucleus is a
marble on the 50-yard line.”

Chadwick’s Experiment (1932)
(1935 Noble Prize in Physics)

Hatoms - I p; He atoms - 2 p
mass He/mass H should = 2

measured mass He/mass H =4

a+°Be —— In+12C + energy
neutron (n) is neutral (charge = 0)

n mass ~ p mass = 1.67 x 104 g N
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Atomic number, Mass number and Isotopes

Atomic number (Z) = number of protons in nucleus

TABLE 2.1 Mass number (A) = number of protons + number of neutrons
Charge = atomic number (Z) + number of neutrons

Rarticle Mass () Cotlomb Charge Unit Isotopes are atoms of the same element (X) with different

Flectron™ 9EBE X 10 16022 % 10 ¥ | numbers of neutrons in their nuclei

Prutan LAT2E2 w0 + 16022 = 0T -1

Neutron Lo7493 = 10 il [

Mass Number——
A X +— Element Symbol

[“Wlore sefied measurzacats have aiven us a more accucate valus of aa clecioon’s mass than Millkan's, Atomic Number—— Z

1 2 3
mass p = mass n = 1840 x mass e- iH iH(@D®) H(T)

235 238
3 92 U 92 U 1

The Isotopes of Hydrogen

. 14
How many protons, neutrons, and electrons are in ;C?

6 protons, 8 (14 - 6) neutrons, 6 electrons

.11
'H 4 |H How many protons, neutrons, and electrons are in ;C ?

6 protons, 5 (11 - 6) neutrons, 6 electrons

The Modern Periodic Table Chemistry In Action
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A molecule is an aggregate of two or more atoms in a
definite arrangement held together by chemical forces

¢
3
o6 O ¢& ®
H, H,0 NH, CH,

Adiatomic molecule contaips onlv two atoms,

H,, Ny, O,, Br,, HCI, CO r; I H H i

diatomic elements

A polyatomic molecule contains more than two atoms
O,, H,0, NH,, CH,
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Anion is an atom, or group of atoms, that has a net
positive or negative charge.

cation — ion with a positive charge
If a neutral atom loses one or more electrons

it becomes a cation.

11 protons 11 protons
11 electrons 10 electrons

anion — ion with a negative charge
If a neutral atom gains one or more electrons

it becomes an anion.
17 protons 17 protons
17 electrons 18 electrogos

A monatomic ion contains only one atom
Na*, CI-, Ca?*, 0%, Al¥*, N*

A polyatomic ion contains more than one atom
OH-, CN-, NH,*, NO;
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Common lons Shown on the Periodic Table
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How many protons and electrons are in Z2AI%* 2

13 protons, 10 (13 — 3) electrons

How many protons and electrons are in 25Se??

34 protons, 36 (34 + 2) electrons
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A molecular formula shows the exact number of
atoms of each element in the smallest unit of a
substance

An empirical formula shows the simplest
whole-number ratio of the atoms in a substance

ionic compounds consist of a combination of cations

and an anions

« The formula is usually the same as the empirical formula

« The sum of the charges on the cation(s) and anion(s) in

each formula unit

must equal zero

The ionic compound NaCl

molecular empirical
H,O H,O

CgH1,04 CH,O
O, (0]
N,H, NH,

25
1A 8A
2A 3A4A5ABATA
Li| | [ [NJO]F
Na[M Al s|cl
K |Cal Br
Rhb|Sr I
Cs|Ba
I

The most reactive metals (green) and the most reactive
(blue) combine to form ionic compounds.
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Formula of lonic Compounds

2x+3=+6 3x-2=-6

/
Al,O,

1x+2=+2 1x-2=-2
\

/
Na,CO,
Na*

CO.>
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Chemical Nomenclature

¢ lonic Compounds
— Often a metal + nonmetal
— Anion (nonmetal), add “ide” to element name

BaCl, barium chloride

K,0O potassium oxide
Mg(CH), magnesium hydroxide
KNO,4 potassium nitrate
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» Transition metal ionic compounds
— indicate charge on metal with Roman numerals

3242536878 ap 1228

FeCl, 2CF

FeCl, 3CI

Cr,S; 3S2-6s0Cris +3(6/2) chromium(lll) sulfide

-2so Feis +2

-3soFeis +3

iron(ll) chloride

iron(l11) chloride

30




TABLE 2.2
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Group 4A Group 5A Group 6A

Group 7A

€ carbide (017

2 N nitrde (NYT 1 axide (0F7)

St uilicide (5177 P phissphide (P S sullide (577
Se selenide (Se” )
Te telluride (1 )
*The wore “zarhids” is 2lso nsed for the anion ©3

F Muoride (F7)
C1ochloride (€17
Br bremide (Br )
L iodide (1 3

Anivn

i e = 82
Molecular Compounds
HI hydrogen iodide
NF, nitrogen trifluoride
SO, sulfur dioxide
N,Cl, dinitrogen tetrachloride
NO, nitrogen dioxide
N,O dinitrogen monoxide
u
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« Molecular compounds
— Nonmetals or nonmetals + metalloids
— Common names
- H,0, NH3, CH, Prefix Meaning
- Element furthest to the left in a period :j‘!""“" '
1- =
and closest to the bottom of a group on ;. 3
periodic table is placed firstin formula - 4
- If more than one compound can be o ;
formed from the same elements, use heplas
prefixes to indicate number of each kind ot 5
of atom mna- o
o e 0
- Last element name ends in ide e !
3
Compotnd
ATAS
|
B ving |
+ Manre el B
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An acid can be defined as a substance that yields
hydrogen ions (H*) when dissolved in water.

For example: HCI gas and HCI in water

*Pure substance, hydrogen chloride HCI .

*Dissolved in water (H;O*and CI"),
hydrochloric acid

Al

or

H.O' ’
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TABLE 2.5

Anion

F~ (fuoride)
C1 tehloridey
Br™ (bromide)
T fiodide)

CN - (oyumide)

Corresponding Acid
HF (hvdrofinoric acid)
HC ihydrachloric acily
HBr (hydrobromic acid)
HT (hydroiodic ac
HON (hvdrocy
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An oxoacid is an acid that contains hydrogen,
oxygen, and another element.

.E
L g
HNO, nitric acid e o
@
H,CO; carbonic acid ®e %
®
H,PO, phosphoric acid ;: »
®
‘e
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The rules for naming oxoanions, anions of

oxoacids, are as follows:

1. When all the H ions are removed from the
“-ic” acid, the anion’s name ends with “-ate.”

2. When all the H ions are removed from the
“-ous” acid, the anion’s name ends with “-ite.”

3. The names of anions in which one or more
but not all the hydrogen ions have been

removed must indicate the number of H ions
present.

For example:

—H,PO, dihydrogen phosphate
—HPO, 2 hydrogen phosphate
—PO,* phosphate

LI, (perchloric acid)
HCIO; (ehlorie aeidy
HCIO, {chlorous acidy
T (hypachlomons acid)

§°7 ysulfide} a5 (hydrosulturic
37
Naming Oxoacids and Oxoanions
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TABLE 2.6
Acid Anion

CI0O7 (perchlorate)
CI0 (chloraie)
ClOy ichlorie}
CIO™ (hypochlorite)

4

Abase can be defined as a substance that yields
hydroxide ions (OH") when dissolved in water.

NaOH sodium hydroxide
KOH potassium hydroxide
Ba(OH), barium hydroxide

42




2010/11/4

Hydrates are compounds that have a specific
number of water molecules attached to them.

BaCl,*2H,0 barium chloride dihydrate

LiClsH,O lithium chloride monohydrate
MgSO,*7H,0 magnesium sulfate heptahydrate
Sr(NOg), *4H,0 strontium nitrate tetrahydrate

CuSO,+5H,0 — |

TABLE 2.7

Formula Common Name Systematic Name

103 Water Trihydrogen monoxide

NH; Ammonia Trihwdrinzen nilride

oy Ly ice Solid carbon dioxide

Nal’l Takle salc Sodium chloride

N.0d Tannrhing was Thuitrewren memeesiile

Cal 0 Marble, chalk, lmestons Caleivm carbonate

Cald Cuicklime Calcinm oxide

CafOrTy- Slaked Hime Calcium hydroxide
NaHCO, Baking sixda Sexlivm hydregen carbonale

NayCOy - 10H,0
MaS0,- 7110
MuiOH 1,

Washing soda
FEpsom salt
MWilk ol magnuesia

Sodium carbonate decahydrate
Magnesium sulfate heptalydiate

Moamnesiom hydroxide

Organic chemistry is the branch of chemistry that
deals with carbon compounds

Functiopal Groups
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