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The Modern Periodic Table
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Chemistry In Action
Natural abundance of elements in Earth’s crust cus

All others 5.3%
\ Magnesium 2.8%
2\ Calcium 4.7%

Mantle

Oxygen /\
. <’ [ron 6.2%
Silicon ' Aluminum 8.3% < ,H
27.2%

2900 km 3480 km

Natural abundance of elements in human body

Oxygen /All others 1.2%
65%

= —Phosphorus 1.2%
~—Calcium 1.6%

~Nitrogen 3%

Carbon

18% Hydrogen 10%
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A molecule is an aggregate of two or more atoms in a
definite arrangement held together by chemlcal forces

¢e coc «® Leg
H, H,O

A diatomic molecule contaigs onlv two atom§A

[H]2A 3A4ASABATA[ |
N[O]F

Cl
Br

H2, Nz, 02, Brz, HCI, CO I

diatomic elements

A polyatomic molecule contains more than two atoms
O,, H,0, NH,, CH,

19



An ion 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 electrons




A monatomic ion contains only one atom
Na+, Cl-, Caz+, Oz, Al3+, NS3-

A polyatomic ion contains more than one atom

OH-, CN-, NH,*, NO.-

21



Common lons Shown on the Periodic Table

1 18
1A 8A
2 13 14 15 16 17
2A 3A 4A 5A 6A 7A
Li+ C4— N3— 02— F
Na* | Mg> | 3 4 5 6 7 8 9 10 11 12 | AP+ P>~ | §* | CI
3B 4B 5B 6B 7B | 8B | 1B 2B
Cr?* | Mn?* | Fe2* | Co** | Ni** | Cu* _ _
K+ Ca2+ Cr3+ Mn3+ Fe3+ CO3+ Ni3+ Cu2+ Zn2+ Sez Br
2+
Rb* | St Agt | ca* 224+ Te | I-
Aut Hg2+ Ph2+
CS+ Ba2+ Au3+ Hg§+ Pb4+

22




How many protons and electrons are in ZIAI°* 2

13 protons, 10 (13 — 3) electrons

How many protons and electrons are in 53Se*?

34 protons, 36 (34 + 2) electrons

23



Molecular
formula

Structural
formula

Ball-and-stick
model

Space-filling
model

Formulas and Models

Hydrogen Water Ammonia
H, H,O NH;
H—H H—O—H H —ITI—H
H

Methane




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

molecular empirical
H,O H,O
O, O

N,H, NH,

25



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




8A

3A4A5ABAT7A
NIO|F

Al S |C]
Br

I

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

27



Formula of lonic Compounds

2x+3 =+6 3x-2=-6
\ /

Al,O,

Al3+ O2-
1X+2 = +2 2x-1=-2
\ 7/

CaBr,

Caz* Br-
1x+2 = +2 1x-2=-2
\ /

Na,CO,

28



Chemical Nomenclature

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

BaCl, barium chIo@E_Z

K,0 potacs;s.i;u:r_;n o;’aé

Mg(OH), magnesium hydroxide
NO, potassium nitrate

L@VLHLWJZ =

29



* Transition metal ionic compounds
— indicate charge on metal with Roman numerals

3B 4B 5B 6B 7B -8B— 1B 2B

FeCl, 2CI -2soFeis +2 iron(ll) chloride
FeCl;, 3Cl -3soFeis +3 iron(lll) chloride

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

30



TABLE 2.2 The “-ide” Nomenclature of Some Common Monatomic Anions

According to Their Positions in the Periodic Table

Group 4A Group 5A Group 6A Group 7A

C carbide (C*7)* N nitride (N°7) O oxide (O*7) F fluoride (F )

Si silicide (Si*") P phosphide (P*7) S sulfide (S*7) ClI chloride (CI17)
Se selenide (Se*") Br bromide (Br )

Te telluride (Te®") [ iodide (1)

*The word “carbide” is also used for the anion C3 .
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TABLE 2.3 Names and Formulas of Some Common Inorganic Cations

and Anions
Cation Anion
aluminum (AP") bromide (Br~)
ammonium (NHJ) carbonate (CO§_)
barium (Ba®>") chlorate (ClO;3)
cadmium (Cd*") chloride (CI7)
calcium (Ca*") chromate (CrO;")
cesium (Cs™) cyanide (CN")
chromium{IID)] or chromic (C¢ dichromate (Cr,03")

cobalt(IT) or cobaltous (Co*") —difrydrogenr phospirate-~Hs-RE -
coppe @ Or cuprous (C fluoride (F ) W
coppe or cupric (C hydride (H")

hydrogen (H") hydrogen carbonate or bicarbonate (HCO;)

iron or ferrous ( hydrogen phosphate (HPO; ")

iron @ or ferric (Fé hydrogen—stHte-orbivtHate-H50—
lead(II) or plumbous (Pb*") hydroxide (OH")
lithium (Li") iodide (I")

magnesium (Mg2+) nitrate (NO3)
manganese(Il) or manganous (Mn*") nitride (N°7)
mercury(I) or mercurous (Hg?)* nitrite (NO,)
mercury(Il) or mercuric (Hg2+) oxide (O*7)

potassium (K™) permanganate (MnOy )
rubidium (Rb™) peroxide (037)

silver (Ag™) phosphate (PO;")
sodium (Na™) sulfate (SO7")
strontium (Sr*") sulfide (S*7)

tin(II) or stannous (Sn*") sulfite (SO3 ")

zinc (Zn*") Lhiceyanate~SCN

32

*Mercury(l) exists as a pair as shown.



e Molecular compounds

— Nonmetals or nonmetals + metalloids

— Common names
- Hzo, NH3, CH4,

_ _ Prefix Meaning
— Element furthest to the left in a period 1
mono-

and closest to the bottom of a group on/ . )
periodic table is placed first in formula | ui- 3

— If more than one compound can be tetra- 4
formed from the same elements, use penta- :

. . . . hexa- 6
prefixes to indicate number of each kin heote ,
Of atom . ] octa- 8

— Last element name ends in ide Honi. 9

-

deca-

33



HI
NF;
SO,
N,Cl,
NO,

N,O

Molecular Compounds

hydrogen iodide

nitrogen trifluoride

—

sulfur dioxide

dinitrogen tetrachloride

nitrogen dioxide

dinitrogen monoxide

34



Compound

Ionic Molecular
Cation: metal or NHJ * Binary compounds
Anion: monatomic or of nonmetals
polyatomic
Naming
Cation has Cation has more * Use prefixes for
only one charge than one charge both elements present

(Prefix “mono-"
usually omitted for

¢ Alkali metal cations ¢ Other metal cations .
e Alkaline earth metal cations the t”St, eliment)
e Aot AIPY. Cd2t 7n2t * Add “~ide” to the
= ’ root of the second
Naming element
Naming N
e Name metal first
* Specify charge of

e Name metal first metal cation with

¢ If monatomic anion, Roman numeral
add “-ide” to the in parentheses
root of the element ¢ [f monatomic anion,
name add “—ide” to the

* If polyatomic anion, root of the element
use name of anion name
(see Table 2.3) * If polyatomic anion,

use name of anion
(see Table 2.3)
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