Chemistry 20



Reactivity

lve metal: Fr

ali metals because they
stfer electrons.




Reactivity

s are very stable

ir orbitals are full
tivity increases down and
he left for metals and up

| to the right for non-metals
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Bonding

bond is a net
attractive force
oms, 10NsS, Or




Bonding

0 achieve electron
the nearest Nobel

energy-forming a bond is
thermic
n energy- breaking a bond is

endothermic




Bonding

ired to break a bond is
d Energy

n the next slide.




Energy T kJmaT]

I
L
H
T

-_.: 1
Eond Length 74 prm Internuclear distance ——
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VsS. Molecular

solid liquid or gas
white or colourless
varying solubility
nonconductive
covalent bond
present Nno 1ons present
l+nonmetal nonmetals only

ove 300C mp below 300C




Bonding

in types of bonding forces.
ecular forces-between
different molecules i.e.) water
nd salt- Strength depends on
1ze, polarity, & electrons
tramolecular forces-within
molecules i.e.) hydrogen and
oxygen in a water molecule




Bonding

nd Strength(approx.)

: ic-Metallic-Covalent
hydrogen-dipole dipole-LD forces
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JALENG, ORBITALS &
WIS DOT{DIAGRAMS



Introduction

hat electrons exist in
s or orbitals .
regions around
nucleus where you would
ost likely find the electron.




ufbau’s Principle

ctrons are electrons in the
hest energy level. Valence
ital: Last energy level




ule 1) Paul’s exclusion
Principle

our valence

rbitals each with a
ximum of two electrons.
drogen and Helium are two

eptions with only one
shell /suborbital.




" Rule 2

orbital can contain




lule 3: Hund’s rule

rons (bonding

“upy each of the

r valence shells /suborbitals
ore forming electrons pairs
1e pairs).




Rule 4: Octet rule

m of eight electrons
an energy level.
He only have 2

E: This rule only works for
first three energy levels




ctron configurations

suborbitals

shells (px, py, pz) --> 6e
hells -?> 1 g(g‘ansition%
t of the 4th energy level /not

\

1 f shells --> 14 e (rare earths)
- part 1()f the 6th and 7th energy
eve




e |

ewlis Dot Diagrams

is (1875-1946)

eveloped a drawing scheme

w called Lewis or electron dot
tagrams: A chemical symbol to
resent the nucleus and inner
energy levels and dots to
represent the valence electrons.




e )

IS dot diagram rules

lement symbol to

e nucleus & inner energy

vels. This is called the kernel of

e atom. le) Na

ace a dot to represent each valence

ctron. Place one dot on each side
of symbol. Ie) Nae

3.If necessary add a second dot to a

maximum of 8 (octet rule) ie) : Ne:




Dot diagram rule for ions

o electrons for cation

ion charge. Enclose ions in
juare brackets with charge
outside.

al+  [Cl]-
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Example #1

Ca?*
lectrons: (8e-) O
am: [Ca]**
onding electrons: 0
lone pairs: 4




Example #2

 of bonding electrons:

2
0

Eof lone pairs:




Example #3

ectrons:
gram:
# of bonding electrons:
# of lone pairs:




# of bonding electrons:

lewis 19 K pic

# of lone pairs:

S =




Example #5

 of bonding electrons;

N NI

E of lone pairs:




# of bonding electrons:

Example #6

— Q9

# of lone pairs:




Example #7

lewsis 13 Al pir

 of bonding electrons:

S W

Eof lone pairs:




Example #8

Eof bonding electrons:
Eof lone pairs:

=~ O




xample #9

ctrons:
-on Dot diagram:

onding electrons:
of lone pairs:

Se-
[F: T

=~ O




Example #10

# of lone pairs:

# of bonding electrons:




Example #11

ctrons:
tron Dot diagram:

of bonding electrons:
of lone pairs:




ficorrect Lewis Dot diagrams




sorrect Lewis Dot diagrams




1S Diagrams for Molecular

valence electrons for
in the molecule.
ly this number of electrons
be used.

termine which atom can
form the most number of bonds -
this is the central atom.

2)




Diagrams for Molecular

er valence electrons
et rule - except H.

. ples: Cl,-14 val e- :CL.Cl
| H

8 val e- H..C.H
H

CH,
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lagrams for multiple bonds

ovalent bonds have
f electrons

pai
red.

Iple covalent bonds have

three pairs of electrons
shared.




s of double/triple bond
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lagrams for lonic

re transfered
und the metal are

rges ions are enclosed in




of lonic Lewis

G

[K]* [:Se]> [K]*
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"-

WIS diagrams for Complex
lons

alence electrons for all

a Arrange the electrons around the
atom so the sum is achieved and
octet rule followed (hit and miss)




les of Complex lons

mmonium-NH,*8e-) [H:N:H]J*







A. Review

r group of atoms with
egative charge
allic Ions: cation with positive
rge (low electronegativity)
metallic Ions: anion with

| negative charge

(high electronegativity)




lonic Bond

ond: net electrostatic
raction between cation and
nion

onic bonds produce a
stal lattice with a
repeating pattern

1 [onic compound chariika
(look at the beginning of your

notes)

alesty




Formula Unit

Unit: the lowest
ber ratio of ions
pound.

aCl -ratiois1to1; In
ity there is a lot more
than1 sodiumor1ct o494




Dot diagrams

t Diagrams

—————— >>) [Na]*[:Cl:]'
ets show that they are not
ing but transfering)




xidation-Reduction

- Reduction: (LEO

osing Electron
idation, Gaining Electrons
duction) (OIL RIG -

idation Is Losing, Reduction
Is Gaining)




idation - Reduction

oss of electrons(metal)

electronegativity,

easier it is oxidized.)

a(s) => Na* + le

\ ction: gaining of electrons
~ (non metal)

ie) Cl, + 2e- => 2CI




lonic Crystals







Definition

twork of very
d valence
trons around fixed
itively charged metal




Properties

s are momentarily
ic) while electrons

shared(covalent)

t conductors of heat and

tricity(electrons free to

move)




Jiagram



RKECOVALENT



Definition

of covalent bonds

p Si & C (group

where electrons do not
ve freely.




Properties

Inflexible bond known

int - diamonds
orize at 3500 C.




Yitreous silica (5104, an amorphous solid O bzidian

ce-quartz [(Si04 1, a crystalline =alid
netwarkforces. pic




SO




BONDS




Introduction

occur between non
ring of electrons

an octet. Can be single,
ble, or triple bonds




onding Capacity

apacity: The

mber of bonds an
. Bonds can be
esented by dashes.




ydrogen




Carbon

4-Cz= (triple single)
2 doubles) —(Ii— (4 singles)
double 2 singles)




Nitrogen

N

onding
ingcap 3 N=(1 triple)
(one double, 1 single)
-1I\T- (3 singles)




ingcap 2 O=(1double)
-O- (2 singles)




luorine

F
./

ingcap 1 F- (1 single)




NDS = INERT




structural Diagrams

shared pairs with a
d erase the lone

ular formula: written with

ibols only




latomic




ne/two lone pair

NH, H,0O

:N:H HO

| H H

ructural H-N-H H-O
H H




ouble Bonds

O,.




riple Bonds

N,
N ;




sy clic carbon compounds

- H:C:H H H:C:H
H:C:H H H:C:H
Structural: H

cyclohexane C.H;,

»




wis Problems

ate covalent bonds:
lies both electrons
m a covalent




xamples

‘coordinate covalent bond




-xamples

. ural: H—lﬁ\T{—H coordinate
| H covalent bond




ide ion

: H,O*(8e) [ H J+

HOH

covalent

ttiral + coordinate
&
bond




lems with Lewis con’t

: when two or more
lagrams can be

ctro
itten
id: single diagram that
\bines the resonance's.




D EdES

O, 3(2) - 18 e-

. ( :Q: Or OO O
tural: O= or O-O=0
1d: O=0=0

1.5 bond




Examples
ion (CH;COO) 24e

CHa O™, H -
acetate 1on H_'I:-_ Ef 0
|

Fezonance W, .

structures H E .

FesOonance-acetate.pic




Examples

carbonate ion CO,> 24e

CO52~, Carbonate ion resonance structures
o — — 2"

o o

0
|
C

LN
0

Fesonance-carbonate.pic




e problems with Lewis

to the octet rule

s than 8 electrons

S & Se can have 10 or 12
ctrons around the atoms

& B can have 4 or 6 electrons
around their atoms

1 Less than than 2 electrons - NO,




Examples

nitrogen dioxide (NO,)

. ..

Y ra
:0: :0:

"W "W

N,

resonance-MOZ pic



summary

rams tell us:

involved with bonding

ype & number of bonds

is diagrams do not tell us:

what an atom looks like (ie-

inner energy levels)

2) where the electrons are (ie-
random location




summary

re formed by sharing of

are involved in
h covalent bond

lagrams and formulas
usually satisty the octet rule







Stereochemistry

the molecular

R: The theory of Valence-
Il Electron-Pair Repulsion
d to predict molecular
shapes




mber of bonding electrons
the central must be known
to determine the shape




VSEPR

airs repel each other;
t the maximum
tance from each other

e pairs repel each other

re than the bonding pairs of
electrons




VVSEPR Rules

Covalent bonds in the
same plane with solid lines (-);
covalent bonds between atoms
“belind the paper with dotted
lines(--); covalent bonds in front
of the paper with a wedge (\)




Ainimize the bonds in front and
ind the central atom




Tetrahedral: 4 bonding .
0 lone pairs, single bonds,

1)

properties: non-polar if ant
atoms are all the same; 109.5°



Shapes
1idal: 3 bonding pairs, 1

.0
L 4
L 4
’0
L 4

| properties: always polar; 120° bond
angle



Shapes

5) V shaped(bent): 2 bonding
pairs, 2 lone pairs , single
bonds, group 16 @,

7'\
properties: polar
104.5Y

Mote that +I' are "-ur' AiFs 0
"‘ electrons at :| ‘|'|' xen atorn

structural HZO pic



properties: nonpolar if pendant
atoms are the same; 120Y



properties: non polar if pendant
atoms are the same; 120"




SHAPES

diatomic): 1
| 0 or 3 lone pairs
ound the atos

1Cl1 H--Cl - polar
Cl, C(l--Cl -non polar




ven more Shapes

N properties: non polar if pendant
atoms are all the same.



More Shapes

| properties: usually non polar



v shaped and tetrahedral







NEGATIVITY



. Electronegativity

atoms attraction

imber on your
riodic table from 0 to 4.0)




Prnciples by Linus Pauling

| 90 left and down the
etals electrons are held more
bosely. Therefore the element
pses electrons and the
electronegativity decreases.

LEFT- LOW- LOOSE




e |

Jauling’s Principles

. As you go right and up the
nonmetals are held more
ightly. Therefore the element
ains electrons and the
electronegativity increases.

RIGHT-HIGH-TIGHT




auling’s Principles

Noble Gas Exception: they
hold their electrons most
ghtly but have no
ectronegativity because
ey have an octet (stable)




Hectronegativity and Bond Type

lectronegative
difference between two atoms
‘equal to or greater than 1.7,

1e bond is usually ionic.




eCtrc neg'ativity and Bond Type

ronegative difference
\ atoms is than 1.7,




nd is usually non-polar
covalent or metallic.




gectronegativity and Polarity

valent bond: a bond
hat forms from the unequal
aring of bonding electrons.




Hectronegativity and Polarity

at has a slightly uneven
arge distribution, with
charged regions.




lectric poles

>ions represented



Bond Dipole

' ‘end of a bond is
positively charged and one end
negativly charged due to the
iffering electronegativities of

ne atoms sharing the electrons




arHCl.pic



Jrawing bond dipoles

lectronegative difference
oy subtracting the
electronegativities and
looking at VESPR diagrams.




Step 2)

lens to indicate small
s. (not ionic)



Step 3)

le with an arrow






polar covalent Bond

>ctro cancel)

3.0 3.0 35 3.5
" §e)Cl:Cl-Cl CO, O=C=0O



eCO2.pic



’ solefff.pic



ipoleffh.pic



aCCl4.pic



eCHCI3.pic



nclusion

sed on the net



bondingofwater2.mov and
sendingofwater.mov






NTERMOLECULAR



molecular Bonding

he molecules and



‘molecular forces

clear attractions



termolecular Forces

forces affect
berties like solubility, melting
, boiling point etc....

BER: polar substances
dissolve polar substances



ntermolecular Forces

res of forces

don Dispersion (all atoms)
2. dipoledipole
[T) Hydrogen forces (bonds)



.

ondon Dispersion

are called Van der Waal
ondon Dispersion (LD)

orary dipoles): The electrostatic
ction between all molecules
- due to temporary dipoles (the
- temporary formation of polar regions)
These are the weakest
intermolecular forces




LD - Forces

molecules together
n they are in solid and liquid
. The diatomic gases have
weak LD forces, while

10dine has stronger LD forces.
(solid at 25C)




LD Forces

ger the atom, the stronger the
forces, because there are more
trons - more temporary poles.

In orces there is no net shift of

~ electrons, there LD forces are not
permanent and the molecule is still
nonpolar




LD Forces

ronger the larger the
because there are more
fons - more temporary poles.

\ orces there are no net shift of
~ electrons, theretore LD forces are
“not permanent and the molecule is
still nonpolar




LD Forces

and HCI are isoelectronic
" because they both have 18e.
HCI has a higher boiling point
because of dipole dipole forces.



amples

lines represent the



D forces

Int: are indirect

t of Van der

. The more

‘ons the higher the force.



Ipole dipole

e (DD): electrostatic
ween two_polar




xamples

dipole dipole force
represent the



ne molecule and O, F and
Nl of another molecule



1- Bonds

form because of




H - Bonds

1ze of the hydrogen

posed pos1t1ve nucleus and
11S positive pole exerts a
stron attraction to the negative
pole of a nearby molecule.



H - Bonds

molecules with
drog ds, like water,
ve stronger hydrogen

1ds than any other
olecule, like ethanol.




H- Bonds

se they are smaller
> the hydrogen.
iter, hydrogen fluoride and
monia have very strong

hydrogen bonds.



v the dotted lins
wuse they are between
rent molecules.




D EdES

'E: There are lots of
drogen bonds that can
form because water is small

and has two hydrogens to
bond with




10l Example



hysical Properties

rces increase due to
1creased energy that is

needed to break the
intermolecular bonds



ecular Forces Physical Properties

ine mp, need to look at
rces involved

engh Scale

DD HB  Ionic  Network

5 10 50 100

metallic mp may vary from -39 (Hg)

to3410(W) but are generally weaker than
10NicC




pDetermining mp

f electrons - the
s, the greater the
ermolecular forces.

ptions: water, hydrogen
fluoride and ammonia because
of the strong H - Bonds.



determining mp

d strength of the
r forces

olved (LD, DD, HB) - the
re forces involved the
igher the melting point.




hysical properties
ine melting point you

umber & type of

termolecular forces (water
has the highest HB)

2) Number of total electrons
(more = hioch I.D forces)



ermining Strengh

mp bp Force
10 -~ 100 H,DD,LD
18 -85.5 -60.7 DD,LD
36 -604 -41.5 DD,LD
54 -489 -2.2 DD,LD

Hyle



2) SOLUBILITY

VES LIKE

ility occurs

ween substances that are

h polar (have dipole dipole
forces or hydrogen bonds)




ape and Stability of some
substances

liquid water upon
eezing. When water changes to
‘hydrogen bonds leave
xagonal holes making ice less
ense than liquid water.




