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Subatomic Particles
Octet Rule

Atoms are the most stable when they have 0 or 8 valence electrons.

lon — Atom that has lost or gained e to fulfil the octet rule

Sodium (Na)

- /“\
loses 1e t? N
form a cation ¢(Na) S
lvale > L%, :.//

Oval e

Cation =+ lon
sodium cation

chloride anion

Chlorine (Ca)
gains le  to
form an anion

7vale =
8val e

Anion =-lon

lonic Bonding
From lons to lonic Bonds

4 1
C BOND

lonic Bonds are the connection
between to atoms due to the
transfer of electrons between

a metal (+ ion) and a non-metal

(- ion) B
lonization energy is the energy
required to split apart two

atoms into individual ions. The +
and —ions give ionic bonds a

Formation of an Ionic Bond

Atom Atom

~

very high ionization energy.
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IONIC BOND
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Metallic Bonding

Metallic Bonding is the process
of positive ions (cations, metals)
being held strongly together due
to a group of negative free
electrons (-) between atoms.

The free electrons form an
electrostatic force (strong
connection between ions) due to
the positive ion (+ metal ions)
and the negative electrons.

Pure metal Metal alloy

8.

An alloy is a metal mixture where a
different metal (yellow in the
diagram above) that sits in the
middle of other metal atoms.

Covalent Bonding

Covalent Bonding is the process
of two non-metals sharing
electrons to allow both atoms to
obey the octet rule part of the
time within the atomic structure

A atoms desire to obtain
electrons is an atoms
electronegativity. With non-
metals high electronegativity
requires atoms to share
electrons to obey the octet rule

Hydrogen alo:n T E Hydrogen atom Ve o % _\/ \\ 4
% . "N l 7y Carbon tetrahydride (CH)
> n 4
,\\ Carbonatom ¥ _ ‘\ \ H
‘ " > H:C:H
ectron share -
H

Hydrogen atom

Covalent bonds can occur anytime
there is a single electron available to
share between electrons. In the
example above, each hydrogen in
CH, (carbon tetrahydride) is attached
to carbon with a single covalent
bond (sharing of 2 electrons)
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Intramolecular and Intermolecular Forces

The attraction between atoms Intermolecular force
. (between two molecules)

produces connections called

forces. A force is a push or

pull between objects due to a
direct connection between
the two objects. /
Intramolecular forces and @}tramolecum P—
forces that hold together the (within a molecule)
atoms in an ionic, covalent, or Intermolecular forces are forces
metallic bond. These bonds between molecules. These bonds range

are very strong. from very weak to very strong.

Strength of Intramolecular Forces

Basis of Energy

Force Model Attraction (kJ/mol)  Example

Bonding .

Tonic Cation—anion 400-4000 NaCl Each intermolecular
force has a specific
strength. lonic Bonds

, are the overall strongest,

Covalent Nuclei—shared 150-1100 H—H . .

¢ pair with Metallic Bonds
being about 2 — 3 times

Metallic Cations—delocalized 75-1000  Fe weaker. Covalent Bonds

electrons

are the weakest due to
the sharing of electrons
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Three States of Matter

bl Lol JAE

- Partlcles in a solid are tightly packaged

Pamcles in a gas are well separated
sually in a regular pattern.

- Particles in a liquid are close together

andu with no regular pattern. . i .

- Pamcles in a solid will vibrate but . X . . - Particles in a gas vibrate freely at
cannot move past each other. - Particles in a liquid flow and can easily high speeds.

- Solids retain their shapes move or slide past one another. - Gasses assume the shapes of their containers.

- Liquids assume the shape of their containers.

with no regular pattern.

A state of matter is the way that groups of atoms, compounds,
and molecules connect together in space.

Intermolecular Forces & States of Matter

A solid is a state of matter (the way
matter exists in nature) that has a
fixed shape and volume.

In solids particles are held tightly
together with strong intermolecular
forces, normally between + and —ions
from ionic compounds.

Fixed is a property that can’t change
over time. Variable is a property that
will change over time in a system
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Intermolecular Forces & States of Matter

A liquid is a state of matter (the way
matter exists in nature) that has a
fixed volume but a variable shape.

In liquids particles are held together
enough intermolecular force to keep
the particles together with each other
but are weak enough to allow
movement.

Volume is a measurement of the
space a groups of particles occupy.

© g
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Gaseous

Intermolecular Forces & States of Matter

A gas is a state of matter (the way
matter exists in nature) that has a

variable shape and volume.

In gases particles are old held together

with very weak intermolecular forces,

only connecting together when they
are close, or in contact with each other
in space

Shape is the physical arrangement of

particles in space.

10
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Lewis Dot Structures Review

@) O O
A 7819 |2A1]© Valance Electrons are the outer
e bonding electrons.
0 3 0O Q OO J Bonding is the connection of two or
O Urﬂ 0 Sh 0 bA O more atoms due to the transfer or

@) 0O 0 sharing of valance electrons.

OO0 OOO o HE \ SR=5  Lewis Dot Structures are visual
O _m 8 O XH 0 Lh=7 ()H‘—E representation of valance electrons
0 0 O 0 =3 TR=1 using dots in a electron filling order
Y8 oh=g
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Pairs of Electrons

Eleckron gFiV‘ Electron Pairs

An electron pair is a set of electrons that exist
in the same area (orbital) of the atom. An
orbital is a location within an atom that
electrons can exist (labeled s, p, d, and f)

Electron Spin

An electron spin is the direction that an
individual electron travels within an atom.
(labeled as +1/2 and -1/2 spin)

spin spin Both electrons in a pair have opposite spins

12
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Electron Filling Order

S 4|
g 7 7 \
! 2 S
755 W
2|1 A
b y ¢ 5
7 ¢ ]
Gl "

Electron Filling Order is the method that
valence electrons fill around the outside

of the atom.

Electrons always fill in a 4 — 4 pattern
around the Lewis Dot Structure.

4 - 4 Pattern

One Electrons on each side of the
structure, then pair in the same order

Electron filling can start on any side

13

Metal Electron Filling Order
g\'FOV\JriUV\/\ (§F>

gooliurv\ (N“>

O O
Na N2 srlQ <9
O
0
NO\ O NO\ 0 gr 0 Sr
O @)
| \/O\\QV‘Q 0 7 \]a\em o

Representative
Metals Atoms
(groups 1A, 2A, Al)
only have a single
valance electron
on each side of
the dot structure

No paired e

14
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Non-Metal Electron Filling Order

OXVA‘%QV\ | O Cb\loriw ,C\
Representative
@) 0|0 O|0 OO Non-Metal Atoms
®) O C O O O O C\ O O C\ O (groups 5A — 8A)
O O O O O  will have a
010 O Ol0 O combination of
O 0|0 0|0 0 paired & unpaired
Q0 O 0 O (| 0 0 C| O  valance electrons
0) 0 O O O O O O N
0l0 0 010 oo Palr.ede
- _ Unpaired e
b VU\\QV\(L e 7 \lm\em 0
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lonic Bonding Review

N\olra\
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Cakin () anion(-)

Octet Rule

Atoms will bond with each other to
obtain either 0 (none) or 8 (full)
valence electrons around the atom.

lonic Bonding — Transfer of Electrons
An ionic bond forms when electrons
are transferred from one atom to
another to meet the octet rule.

1 — 3 valence e - Lose Electrons (+ ion)
5 — 7 valence e - Gain Electrons (- ion)

16
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fal  nonwetal

AHY 2N
O~ ~—]0

®)

Al

g

lonic Bonding Review

Electron Transfer Procedure
Electrons transfer to an open space
within an orbital, shown in the dot
structures.

Energy and Electron Transfer

Multiple valance electron transfers
(metal to non-metal) occur at the same
time when the atoms collide and
transfer energy between the atoms.

17

Covalent Bonding
Two §ivw(\|e Two ‘Pair

Covalent Bonding

< o Ol (irs A covalent bond forms when
¢ OO ol0 electrons are shared between two
( O O O O atoms to satisfy the octet rule.
7 [ O O O Sharing and Pairs of Electrons
O Ny Ol O If there is only a single electron
S ‘@\ on one side of a lewis structure
AN b :
T - . Qan onding can occur between atoms
O §|ﬁ\ae Oi.: %w\ _
—= P - O Can't If the electrons are paired (two
O Vire Bwmd  electrons) no bonds can occur

18
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Single Covalent Bonding

C 0 VM\U/\J[ %OV\)\ Single Covalent Bond
A single covalent bond is a connection
0|0 0|o (bond) between two non-metals due

- 0O p'| O): 10O —— tothesharing of electrons between
76 ] Cl 76 the atoms.

ol 17 oL, JO
Ol 0 Olo

Each atom in the bond gets the extra

% -0 p!\Q Ol\ Q Y@— electron 50% (half) of the time
e, . )
O Ly 10 | ol -
Ockd ~ OIO 1010 ™ Odetr Atom 1: 6 + 2 (50%) = 8 (Octet)

Atom 2: 6 + 2 (50%) = 8 (Octet)

(6+7) (5+2)

19

Diatomic Elements

Diatomic Element
An element that only exists as a pair of atoms due to covalent bonding

Do\‘ g‘kru(\l'urq S'LrUCl’Um‘ Formu\m

Hydrogen
O 00 Q0 OO\ O Nitrogen
8 C\ C\ 8 %C\ C O Fluorine
O Q) O O O O O O > Oxygen
lodine
Chlorine
Diatomic Elements are more stable bonded Bromine

together to give each a share of 8 valance e

20

10
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Central Atoms and Covalent Bonding

Central Atoms The number of bonds for
Central Atoms are the atoms that sit each central atom is based
in the middle (center) of the atomic on the group of each atom
structure, and have other atoms i Y Ncuon‘:;:rn ‘::3 i':glse
covalently bonded to its structure Group Number (Steric Number)
Group 4A (14) 4
Carbon (black sphere)
is the central atom, Group 5A (15) 3
surrounded by 4
Hydrogen Atoms in Group 6A (16) 2
Methane (CH,)
‘ Group 7A (17) 1

21

Central Atoms and Covalent Bonding

Centrz;nl AtothIectrgn Pairs Cont ral Im—oh/\g
Central Atoms that produce 1, 2,
or 3 single bonds also contain C(U‘pb N(Sﬂ>
pairs of electrons around atom
Central Atom | Number of Number of
Group # Electron Pairs | Single Bonds . N
qsma\e 5§m \Q
Group 4A 0 4 bonds
Group 5A 1 3 O (6“) Cl '|H>
Group 6A 2 2 Z \ \
Group 7A 3 1 slm O C \ — \OSL%Q

22

11
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Drawing Structures

Process of Drawing Structures

1. Write the central atom in the
center of the structure (given)

2. Write atoms and add a single bond
between the central atom and
each outer atom (bonds given)

3. Fill in the outer valence electrons.
1. Write a pair of electrons from

each location not bonded
2. Count the total number of
electrons in the structure

Ceﬂirm\ m—am N/ \oav\o\s

c— | N—

Fill in guler alrovm

c— | N—H
Add ooker val o

C—GRlsn—4

23

@ H2SiBr; (2 single Si-H bonds) | NF2Cl (2 single N-F bonds)
— (2 single Si-Br bond) (I single N-CI bond)
- oo
o H dF 2
3 ‘ 00 00 ‘ foYe)
S H— Si—BrQ| 8F —N — CI?
| 00 00 60 00
c9 0 R0
95 ° 55 °
[io) — - - -
S g H |Va\ ¢ g( 7V0l\0, F7 Va\e, d :7V«\e,
O = <H sm«b\z N'-%{m&o_-k \Pm'\r

24
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Double Covalent Bonding

D O OO Double Covalent Bond
A double covalent bond is a
OO A O connection (bond) between two non-

metals due to the sharing of two pairs
of electrons between the two atoms.

Each atom in a double covalent bond
shares 2 pairs of electrons equally.

Molecules can contain a combination
of single and double covalent bonds

1
(6+2) 7 siwA\L = | dhie {L+z)

25

Triple Covalent Bonding

Triple Covalent Bond

A triple covalent bond is a connection
(bond) between two non-metals due
to the sharing of three pairs of
electrons between the two atoms.

O[O
=
P

O
O

>—F Each atom in a double covalent bond
0 N N @) shares 2 pairs of electrons equally.

O O Molecules can contain a combination

(5 %3 2 S'lﬂalt . \h'f\ﬁ(g*g> of single and double covalent bonds

26
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Combining Bond Types

Single Double Covalent Bond Single Triple Covalent Bond

O—>56
"H 0O C 8 N
SIV\‘aIQ H

Ol O

dobbln

ONH HCN"

® dule. 00 Shyie wé'f triple

27

Determining Covalent Bonds

Steps to Determine Type of Covalent Bonds  Element Group Number

Covalent bonds are determined with the of bonds and pairs
foIIowmg StepS: Central Atom | Number of Number of
Group # Electron Pairs | Single Bonds

1. Draw a single line between atoms

2. Add unpaired electrons to all atoms Group 1A 0 !
3. Count electrons around all atoms Group 4A 0 4
- Bonds act as two electrons Group 5A 1 3

4, Add additional lines when an atom
does not have enough electrons Group 6A Z Z
- 6 electrons: 1 extra line Group 7A 3 1
- 4 electrons: 2 extra lines Group 8A 4 0

28

14
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Covalent Nomenclature

Every Covalent Molecule is named one
of two ways:

1. Prefixes: Binary Covalent

2. Organic: Larger Molecules (by type)

Covalent Molecules can come in many
formula variations based on structure

Formulas for Example Carbon Molecules

CH, C,He C,H, C,H,
C3H8 C3H6 C3H4 C4H10
C4Hs C4He C4Hq4 CsHy,

Some molecules have
multiple names

CH

C -Carbon
H - Hydrogen

Binary: Carbon Tetrahydride
Organic: Methane

29

Binary Covalent Nomenclature

Covalent Molecules are named based on
the prefix model. The prefix is a number
before each atom in a binary covalent
molecule

Prefix (no mono-) First Element
Prefix Second Element (-ide)
Binary Molecule Examples
CH,: Carbon Tetrahydride

S,0,: Disulfur Dioxide
NCl;: Nitrogen Trichloride

Number

Covalent Molecule Prefixes

Je— Prefix NAut r:r::r Prefix
mono 6 hexa
di 7 hepta

tri 8 octa

tetra 9 nona

penta 10 deca

30

15
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Binary Covalent Nomenclature

CH& 1C,awi LH'l IZ '0\\/‘:'0”0
__ (Orbon &M I'd'm Mdrlo\a_ E ’t rj:m
(0 Moo C. peka
S,0: ZSad 30 b: hexa
L2 77 T 71 septd
_ﬂ_ S!lH}or_l_-r_' OX lde 7: 0ta
Binary Covalent Nomenclature
. | - mono
Yricarbon hexachbride T
> (6) =l 2 fr
C_Cl_— C.Cly 4 tebra
g: PCM'OI
nlhogen 0\ OXlo(,Q
™ DT ‘_’Z: b;;?d
N_O_— N,0,— NO, 7 octa

32
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Electronegativity

An atoms ability to attract electrons towards itself in a chemical bond

Rep and Trans Metals
1 — 4 Valence Electrons (e’)

- Wants to Lose Electrons

- Forms lons vs Sharing e

- Low Electronegativity
(0.7-1.9)

Na' Mgo 'AI.

Metalloids and Non-Metals
4-7 Valence Electrons (e)

- Wants to Gain Electrons
- Shares Electrons (Covalent)
- High Electronegativity

(2.0-4.0)
P S CI

33

Electronegativity Difference

The difference in electronegativity values between atoms in a bond

lonic Bonds
Transfer of Electrons
(Metal to Non-Metal)

Metal — Low Electroneg.
Non-Metal —
High Electroneg.

Electroneg Difference Range
1.91 - 3.50 with a Metal

Polar Covalent Bonds

Unequal Sharing of Electrons
(Non-Metal to Non-Metal)

Non-Metal — Mid Electroneg.
Non-Metal — High Electroneg.

Electroneg Difference Range
0.51 - 1.90 (No Metals)

34
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Electronegativity Difference

The difference in electronegativity values between atoms in a bond

Non-Polar Covalent Bonds
Equal Sharing of electrons
(Non-Metal to Non-Metal)

Non-Metal — High Electroneg.
Non-Metal — High Electroneg.

Electroneg Difference Range
0.00 - 0.50 (No Metals)

Diatomic Element
Equal Sharing of electrons
(Same Elements)

Element A — Electroneg. A
Element A — Electroneg. A

Electroneg Difference Range
0.00 (Same Element)

35

Bonding Comparison

|onic Po\ar-

Tm:Fe.r UV\? lbva\ SLarQ
A = B | pA—=R

K
Enp> 1.9 €D=|"| -05
andhr ekl g kel ‘

NonPolar Diabomic

S ————————

é‘ﬁ val g\are Sam ““'OMg
A—R A=A
e e

€<0-05| €b=00

36
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Calculating Electronegativity Difference

Electroneg. Difference (ED) = High Electro. Value — Low Electro. Value

lonic Bond
Na (E=0.9) and CI (E = 3.0)

ED = Electro. Cl — Electro. Na
ED =3.0-0.9 = 2.1 (/onic)

Polar Covalent Bond
H(E=2.1) and Cl (E = 3.0)

ED = Electro. Cl — Electro. H
ED=3.0-1.9=0.9 (Polar)

Non-Polar Covalent Bond
Cl(E=3.0)and S (E=2.5)

ED = Electro. Cl — Electro. S
ED =3.0-2.5=0.5 (Non-Polar)

Diatomic Element Bond
Cl (E =3.0) and CI (E = 3.0)

ED = Electro. Cl — Electro. Cl
ED =3.0-3.0=0.0 (Non-Polar)

37

Electronegativity Examples

Al and
p:ls F: 4.0

w=40-15=25

lbhi(_ ( 1.9 w/w}a\)
Al icamebl * [onic Bowd

H and CI
H:2] Cl-3.0
€0=3%.0 Zl

Polar (ivalent (05 )
Po\ar leeﬂ mb

owc

219 w/M"R'

Polar
05' - ' o, mh‘

Nn-Palar
D.|-05

Diatomi
0.0

38
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Pb and P
Phily P22
€D=772-1%=04
lonic: medal  (>1.9)

Ph is amlal = lovic

Covalent : nometal (1.4- 0.5|>

Electronegativity Examples

';‘}egs
| gkl 2 lonic
(In-20, M 18-§B,
|V\.Sﬂ.Tl|%|Bi)
7. Caluwlate €D
2 sechart-h deberw.

bangd anpt

12/15/25

l onwc

> 1.4 wiwel

Polar
0.51-19m,)

Nn-Polar
D.]-05

Diatomi
0.0

39

Bond Dipoles

Digdle is an  vneven S\erivw& of elichrons in bond

>

Polar = D\?blq ) Bipes
o y o e
22 =y wer €lectro.
Diptle H—O3% Rl 9¥s € less
21 25
+end — end

—end
Hl‘ aa ber Hedro )
‘}Lk e mre

Athads —od  almds +end

40



12/15/25

lonic vs Covalent Bonds

|onic : -rrm\sper of ¢ Po\ar OOValeﬂ|_

Melg] iqh Umqu«\skan‘n o &
M?\}glo\/ H a—éclv?d NoMekal s | \-?.aéh )

Q_-j_ NO\+ C\——g_,_(_) . —|‘i| __écio .

- i o 5.0
bsc ¢ ne +end 29
T\ luse SLgI@ m@i—
Molecule Symmetry
Symmetrical Wolecolo oy mme Fric Moleal
Same OV\HQ\\ §'|dﬂ+{ | ON \:)r move s Poles dl}u‘m‘l
ma 0o 06
g ek | HCE 2O
| Hade | Clide /ll‘} ¢ %Tc‘h
+H Alm ; ) 1 H ove gidde

Non=Folar 1 [£ bonds polar Molewle plar

42
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Determining Polarity of Molecules

WValecule -POlall'l'l’b] 7 | H — é"‘% 20
O Findbond €D | ¢n _ 27 57| g

@) NEDP:L‘\“- = %‘:I’:ztr Bondis Polar Co v«leﬁ Bond

© For Polar Bond H C:z"
¢ lpMMh‘m\ Moleoule : NonPolarMolew\e Hs«dmmh‘m\
QA uomMQ\Tim‘ lm\wule '- Polar Molewle. Polmr Mc\ew\z

43

States of Matter
Ei“ﬁ‘ Hdw yarhclos lv'\‘roracjr wH'L eacl. oﬂmra"a Macro

go\io\ Ie
Fixed S\mpe M
Fixed Volomg ..“.5
Mlnhrac\iov\s lonic Comqo\molo\s a ol

44
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States of Matter
Liiurcf
Vﬂ\erQ SMGFQ

Fixed Volumg
Modmm lnlrerac\iom

States of Matter

bas

Vo\fiable Sha‘ye

Variable /plumg
Wedl  Interackions

23



12/15/25

Molecular Interactions

lonic = [onic (goml) %@_@
| 90 OF

Sk <4l

B\f hc\a Cmm\\ I\
Shagh SHery - Chanp aftraon
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Molecular Interactions

PO\ar Polar‘ (g,w) %—)’

_-'3"— Dipsle - lelQ \%ﬁ w,,;,_rls
QZL (,lillld -
Shrgh Mediut fid Caodson \Vﬁem«ﬁ

| ole, d w| Neganve
Rs‘we Z‘vw\ \?‘ +)w’ |pJ?mA

48
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Molecular Interaction

Ninfalar -Non fila (gm) Tm‘"ma 1 diple - Fomps porony

(J\ndf+> In%emcl- on dve o
: _3()__ ,m‘uacl Di IQ W\bvemzrﬂ' of val. 2~
MU@A po|Q

JZL %‘0\5 O / Connd.

Sl—rchg\ﬁ Weak B\f hc\ (vction otk
(rick commeckion WLM ( f >
parkides collice
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