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he Atom
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Atom Is the basic unit of an element, made up of
even smaller particles called subatomic particles.
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There are three fundamental components
(subatomic particles) that are important in
chemistry: Electron, Proton and Neutron.




The Structure of the Atom

Electron (cloud)

/Proton
/Neutron

oy

Nucleus

The protons and neutrons of an atom are packed
In an extremely small nucleus.

Electrons are shown as ‘clouds’ around the
nucleus.



Subatomic particles

Mass Charge Charge

Particle (9) (Coulombs)  (units)

Electron 01x10% -16x10"
Proton 1.67 x10%* +1.6 x 10"

Neutron 1.67 x 10 0

mass p = mass n = 1840 X mass e-



Subatomic particles

Particle Mass Charge Charge
(9) (Coulombs)  (units)
Electron (e) 9.1x10%° -1.6x10™" -1

Proton (p*) 1.67 x 10°* +1.6 x 10 +1

Neutron (n) 1.67 x 10™* 0 0

mass p = mass n = 1840 X mass e-



Electron configuration is how the electrons are
distributed among the various atomic orbitals in an
atom.

subshell number of electrons
,/1nthecwbhalorsubsheﬂ

shell orbital

Orbital diagram
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Order of orbitals (filling) in multi-electron atom

7~
/ls
/2s//2p/
rd 7

3s 3p 3d
/4 /4 /4d/ e “Fill up” electrons in
P S/ P/ / i lowest energy orbitals

e e

5s 5p 5d°  5f (Aufbau principle)
/6s/6p/6d/
/75/7 /
& V 4 P sharp, principal, diffuse, and fundamental

1s<25<2p<3s<3p<4s<3d<4p<5s<4d <5p<6s
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Atomic Number & Mass Number

Mass Number—— A

| X +~— Element Symbol
Atomic Number—— Z



Atomic Number & Mass Number

Atomic number (Z) = number of protons in nucleus

Mass Number—— A

| X +~— Element Symbol
Atomic Number—— Z

Mass number (A) = atomic number (Z) + number of
neutrons

Mass number (A) = number of protons + number of
neutrons
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Isotopes

Isotopes are atoms of the same element (X) with same
number of protons but different numbers of neutrons in their
nucleil

The term isotope is formed from the Greek roots isos
(equal) and topos (place), meaning "the same place".

Mass Number—— A X —— Element Symbol

Atomic Number—— Z
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Isotopes of Carbon

Carbon 12, Carbon 13, Carbon 14

12 13 14
& sC C
stable and unstable

Carbon (C) has 15
known isotopes, from 8C to 22C
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Isotopes of Hydrogen

1

Hydrogen-1 @ . 1 electron H
’

Hydrogen-2 . 1 electron H

it

1 electron H

Hydrogen-3
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Do You Understand Isotopes?

How many protons, neutrons, and electrons are In l‘é C?

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

How many protons, neutrons, and electrons are In 1% C?

6 protons, 5 (11 - 6) neutrons, 6 electrons
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Molecules & lons

A molecule is an aggregate of two or more atoms in a
definite arrangement held together by chemical bonds

e c’c ‘““' L’{,

H, H,O NH, c:H4
A diatomic molecule contains only two atoms
H,, N,, O,, Br,, HCI, CO

A polyatomic molecule contains more than two atoms
O,, H,O, NH5, CH,
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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-, Ca2*, O%, Al3*, N3

A polyatomic ion contains more than one atom

OH-, CN", NH,*, NO,’




\f?\, Do You Understand lons?

!

How many protons and electrons are in %:7% A3 ?

13 protons, 10 (13 — 3) electrons

How many protons and electrons are in 3, 185e2- ?

34 protons, 36 (34 + 2) electrons
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1. Give the number of protons, neutrons and electrons in each of the following species

Spesies 1750 19g0Hg | 200gHg 14N3- | HeFe2t | 345P3- | 10745AgH
Proton 8 80 80 7 26 15 47
Neutron 9 119 120 7 28 16 60
Electron 8 80 80 10 24 18 46
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Chemical Formulas

Chem.
Formula
| |
Molecular Empirical Structural
Formula Formula Formula

A molecular formula shows the exact number of atoms of
each element in the smallest unit of a substance
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Chemical Formulas

Chem.
Formula
| |
Molecular Empirical Structural
Formula Formula Formula

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



Chemical Formulas

Chem.
Formula
| |
Molecular Empirical Structural
Formula Formula Formula

The structural formula is a graphic representation of the
molecular structure, showing how the atoms are arranged.
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Chemical Formulas

Chem.
Formula
—
| |
Molecular Empirical Structural
Formula Formula Formula
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2. What are the empirical formulas of the following compounds:

Compound C2N> CeHs P4O10 B,H¢ Al,Bre Na,SO;
Empirical
formula CN CH P20s BH; AlBr3 Na>S03
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Compound

lonic compound

Molecular compound

Metal + nonmetal

Transfer electron
Na. ’éli
..

lonic Bond

nonmetal + nonmetal/metaloid

Sharing electron

SISO

Covalent Bond
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lonic compounds consist of a combination of cations
and an anions

The formula is always 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

Writing a Formula of lonic Compounds

Cation Al3*and anion O%

2X+3 =46 3X-2=-6
\ /
AlL,O,

A|3+ 02-
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Writing a Formula of lonic Compounds

Ca and Br

1x+2=+2 2x-1=-2
\ 7/
CaBr,

Ca?t Br-

O 2
Na and carbonate[ 0:C:: o}

1Xx+2=+2 1x-2=-2
\ /
Na,CO,

Na* CO5%
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Names and Formulas of Some Common Inorganic Cations and Anions

Cation

Anion

Aluminum (A’ )

Ammonium (NH3)

Barium (Ba*")

Cadmium (Cd*™)

Calcium (Ca*™)

Cesium (Cs™)

Chromium(III) or chromic (Cr3+)
Cobalt(Il) or cobaltous (Co>™)
Copper(]) or cuprous (Cu™)
Copper(Il) or cupric (Cu**)
Hydrogen (H")

Iron(II) or ferrous ( Fcz+)
Iron(11D) or ferric (Fe*™)

Lead(II) or plumbous (Pb*™)
Lithium (Li™)

Magnesium (Mg>")
Manganese(Il) or manganous (Mn2+)
Mercury(I) or mercurous (Hg% *yx
Mercury(Il) or mercuric (Hg2+)
Potassium (K™)

Silver (Ag™")

Bromide (Br )

Carbonate (CO3 )

Chlorate (ClO3)

Chloride (Cl )

Chromate (CrO3 )

Cyanide (CN )

Dichromate (Cr,03 )
Dihydrogen phosphate (H,PO, )
Fluoride (F )

Hydride (H )

Hydrogen carbonate or bicarbonate (HCO3 )
Hydrogen phosphate (HPO3 )
Hydrogen sulfate or bisulfate (HSO,)
Hydroxide (OH )

Iodide (I )

Nitrate (NO3)

Nitride (N*7)

Nitrite (NO3)

Oxide (O*7)

Permanganate (MnO, )
Peroxide (O3 )



Naming lonic Compounds

— Cation goes first

— anion (nonmetal), add “ide” for it ending
— Polyatomic anion doesn’'t need it changed

BaCl,
K,O
CaCOs,
Mg(OH),

barium chloride
potassium oxide
calcium carbonate

magnesium hydroxide
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« Transition metal ionic compounds
— Indicate charge on metal with Roman numerals

FeCl, 2CI -2soFeis+2 iron(ll) chloride

FeCl;, 3ClI -3soFeis+3 iron(l11) chloride

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

— nonmetals + nonmetals or metalloids

The metalloids or semimetals share some of the
properties of metals and some of the properties of
nonmetals proportions.

8A
2
1 ’14 Ef 3? A ’i(&
.. _‘ — 4 '.".;’l;
Li |Be Ne
< = [ 0 “Q“

1
Na Mg 3B 4B 5B &8 78 [—aq—] 18 28
Sadnn | Magrewms ’ g 4

9 | 20 | 21 | 22 | 23 | 24

K C_q-.Sc. Tl _V Cr_ .l_\x_n Fue CO‘NI Cu Zn _‘
3’ e y : 09 “ “‘ e W T B2

sr Y Zr Nb Mg Tc |Ru|| Rh Pd Ag Cd In

& < r | ak ) 12
7a | 75 | 76 T 'T ao B | 82 8

Hf Ta W Re|Os lr\m Au Hg| Tl | PbNi

7 108 iO ||||||

Fr |Ra *Acl & |0b S | Bh | He| Mt

é’s Ba Lo

~N OO O AW DN
-3
o

31



Writing a formula of molecular compounds

0iCiO,

CO, (greenhouse gases)



Naming molecular compounds

Greek Prefixes Used
— common name in Naming Molecular
° |\|2, HZO’ CH4, C6O Compounds
— element further left in periodic table must  Prefix Meaning
write 1st Mono- 1
« NF;, NO, Di- 2
— element closest to bottom of group must E‘Ua i
write 1St Fils. :
* SO, Hexa- 6
— If more than one compound can be Hepta- 7
formed from the same elements, use gcta- g
ona-

prefixes to indicate number of each kind
of atom. Prefix mono is never used with
the first element.

— |last element ends Iin ide

[E—
(e

Deca-
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Naming Molecular Compounds

HI hydrogen iodide

NF, nitrogen trifluoride

SO, sulfur dioxide

N,Cl, dinitrogen tetrachloride

NO, nitrogen dioxide % Toxic
= N

N,O dinitrogen monoxide ¥

Ni Laughing gas

34



Acid

An acid can be defined as a substance that yields
nydrogen ions (H*) when dissolved in water.

HCI
*Pure substance, hydrogen chloride
Dissolved in water (H* CI), hydrochloric acid

HF H* + F
Hs T o+ s

35



Acid

Acid without oxygen
Acid with oxygen (oxoacid)

An oxoacid Is an acid that contains hydrogen,
oxygen, and another element.

HNO, H* + NOj
HS0, T onr+ sO2
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Naming Acid

The name of an acid is based on the name of the
negative ion (anion) that is part of the acid

Anion
C F (fluoride) ClO; (perchlorate) |
Cl™ (chloride) ClO; (chlorate) _
_ 1 ) . —  With Oxygen
Without Oxygen — Br (bromide) ClO, (chlorite)
[ (lodide) ClO™ (hypochlorite) |
CN  (cyanide)
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Naming Acid without oxygen

#rule
-ide hydro ic acid
HCI H* + CI- Anion
Hydrochloric acid chloride F (fuoride)
Cl™ (chloride)
Br (bromide)
HCN H* + CN- o
[ (1odide)

Hydrocyanic acid cyanide CN™ (cyanide)
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Naming Acid without oxygen

#exceptional (contain Phosphorus & Sulfur)

Phosphorus

-ide hydro  icacid hydro  oricacid hydro  uric acid
+ 4 2- Anion
H,S H S S2 (sulfide)
Hydrosulfuric acid sulfide P (phosphide)
H;P H* + P*

Hydrophosphoric acid phosphide
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Naming Acid with oxygen (oxoacid)

#rule
-ate ic acid
+ - P_Aya{'owic IOis
HNO;, H + NOj, Cobondte (O
1tri ' ' Chromite Cr0,”
Nitric acid nitrate Hmz\m o
Nitvate :03:
- Nitrite 0.
H2CO3 2H+ + CO32 Perw"“'ja“ah Mmg.‘
' : t POy
Carbonic acid carbonate | Phavele PO
Phosphite P03
Sul fote S0g-
Sulfi*e So}z-
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Naming Acid with oxygen (oxoacid)

trule
-ite ous acid
+ - P_Aya{'owic IOis
HNO, H + NO, Cobonte (O
' ' 1tri Chrowite Cr0,”
Nitrous acid nitrite Heoite. C10°
Niha“'e M03:
} Nitrite NO; _
HCrO, H* + CrO, Pecwmangovate. Ml
. ) P\noSP\'\“*Q POy
Chromous acid chromite | petie™ oy
Sulfate  S0-
Sulfi*e So}z-
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Naming Acid with oxygen (oxoacid)

#exceptional (contain Phosphorus & Sulfur)

Phosphorus

______icacid _______oricacid _______uric acid

P_Aya’fowic Iogg
+ 2- Cacbovate. (O3~
H,50, 2h* + S0, Cacomite €05
Sulfuric acid sulfate | Hywdleite :—,‘00-
N Nitvate 3
Nitrite + ;{0&‘
PP- avnwaenale wn
H;PO, 3H* + PO | phuss wate PO
: : Phosphit POs*"
Phosphoric acid phosphatg g\,ﬁﬁf S0e-
Sulfi*e 5031-
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Naming Acid with oxygen (oxoacid)

#exceptional (contain Phosphorus & Sulfur)

Phosphorus

______ousacid  orousacid _ urousacid

P_Aya’fowic Iogg
+ 2- Cocbonate (O3~
5503 2h™ + S0, Cacomite €05
Sulfurous acid sulfite | Hywddeite f,‘o°-
T Nitvate 3
Nitrite + ;{0&‘
PP- avnwaenale wn
H3POS 3H" + P033_ P\,::: \:?ﬁe. PO
: : hosphit POs*"
Phosphorous acid phosphite ‘;,.;t‘;: S0e-
Sulfi*e 5031-
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Names of Oxoacids and Oxoanions That Contain Chlorine

Acid Anion

HCLO, (perchloric acid) ClO, (perchlorate)
HCIO; (chloric acid) ClO; (chlorate)
CIO, (chlorous acid) ClO, (chlorite)
ACIO (hypochlorous acid) ClO (hypochlorite)




A base can be defined as a substance that yields
nydroxide ions (OH") when dissolved in water.

NaOH sodium hydroxide

KOH potassium hydroxide

& Ba(OH), barium hydroxide






