CHEMICAL BONDING
Lewis Theory: 10.1 — 10.6
V.S.E.P.R.: 10.7-10.8
Valence Bond Theory: 11.1-11.2
Hybridization: 11.3 -11.4
M.O. Theory: 11.5-11.6
Metallic Bonding: 11.7

THE SHAPE OF
MOLECULES

Factors that Affect Geometry

Bond length: The distance between
atoms




Factors that Affect Geometry

Bond angles: The angles between
the bonds joining different atoms
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VSEPR Theory

» Molecules adopt the geometry
which maximizes the distance
between electron pairs around a
central atom, and thus minimizes
electrostatic repulsions.

VSEPR Theory

Molecular shape depends on:
e The number of electron pairs

* The type of electron pairs

VSEPR

Molecules containing only bonding pairs
around the central atom




VSEPR

Molecules containing only bonding pairs
around the central atom

l

The shape depends only on the number
of electron pairs

2 e pairs —
. 3 e pairs 4 e pairs
Linear

Trigonal Tetrahedral

5 e pairs

_ _ _ 6 e pairs
Trigonal bipyramidal Octahedral

APPLICATIONS

2 e pairs Linear

Formula: AB,
Bond Angle: 180°
Example: Bel,




3 e pairs
Trigonal

Formula: AB,
Bond Angle: 120°
Example: BF;

4 e pairs
Tetrahedral

Formula: AB,
Bond Angle: 109.5°
Example: CH,

5 e pairs

Trigonal bipyramidal

Formula: ABg
Bond Angle: 90°, 120°
Example: PFg

6 e pairs
Octahedral

Formula: ABg
Bond Angle: 90°
Example: SFq




VSEPR Examples

Predict the geometry of the
following molecules

BeCl,

_ccn
Lewis Structure: , Bé
<

BeCl,

_cr
Lewis Structure: ., Bé
<

Two electron pairs around Be

1

Linear molecule

BeCl,

Linear molecule




NH,* NH,*
ITI + I-|I +
H—N—H H—N—H
Lewis Structure: B Lewis Structure: 0
Four electron pairs around N
Tetrahedral molecule
+ What is the molecular geometry of SF?
NH, 6

Tetrahedral molecule

Linear

Trigonal planar
Tetrahedral
Trigonal bipyramidal
/5. Octahedral

5= GRS

0% 0% 0% 0% 0%

£ >
2 & K
& S &
S 3 &
VSR & N &




SFs 48 e

. :[i: :if:
Lewis Structure.- N\~ .
F—S—F

:E: :E:

SFs 48 e

) Ziii le:IZ
Lewis Structure:= N7 .
F /S\ F

:E: :E:

1

Six electron pairs around S

1

Octahedral molecule

Octahedral molecule

VSEPR

molecules containing both, bonding and
lone pairs, around the central atom

l

The shape depends on the respective
number of pairs and their position




Lone pairs (l.p.) are not as localized
as bonding pairs (b.p.), and thus
cause stronger repulsions

Lone pairs (I.p.) are not as localized
as bonding pairs (b.p.), and thus
cause stronger repulsions

order of repulsion interactions:

l.p.-l.p.> L.p.—b.p. > b.p.—b.p.

Bent (V shaped)

Trigonal planar

Trigonal pyramidal

Tetrahedral

Bent (V shaped)




l T-shaped i
Trigonal bipyramidal

Seesaw i Linear i

Square pyramidal

Octahedral

Square planar

VSEPR Lone Pair Examples

Predict the geometry
of the following
molecules

SnCl, 18e

G
Lewis Structure.cl/_s_n




What is the molecular geometry of SnCl,? sncl
2
~CI:
1. Linear Lewis Structure,, _Sn
»2. Bent Cl
3. Pyramidal
4. T-Shaped Bonding Pairs: 2
S. See-saw Lone Pairs: + 1
6. Square planar 0% 0% 0% 0% 0% 0% 3
o'& %ZQ & 73‘25 f”s \’é\é
SncCl, SnCl,

electron pairs geometry: trigonal
planar

electron pairs geometry: trigonal
planar
molecular geometry: bent
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SnCl,

electron pairs geometry: trigonal
planar
molecular geometry: bent

SnCl,

electron pairs geometry: trigonal
planar
molecular geometry: bent

NH;

Lewis Structure:
i

H—II\I:

H

What is the molecular geometry of NH;?

1. Linear
Bent

n

$ 3. Pyramidal

b

T-Shaped
See-saw
6. Square planar

o1

0% 0% 0% 0% 0% 0%
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NH;

Lewis Structure:

Bonding Pairs: 2
Lone Pairs: + 1

NH;

electron pairs geometry: tetrahedral

NH;

electron pairs geometry: tetrahedral

molecular geometry: pyramidal

107.3 _/f;l-y

NH;

electron pairs geometry: tetrahedral

molecular geometry: pyramidal

12



Lewis Structure:H—Q—H

H,O
Lewis Structure:H—Q—H
Bonding Pairs: 2

Lone Pairs: + 2
4

electron pairs geometry: tetrahedral

H,O
electron pairs geometry: tetrahedral

molecular geometry: bent

13



H,O
electron pairs geometry: tetrahedral

molecular geometry: bent

Tl DR e Teotn Tmm e

Cogles] ] e

s e 11D ://WWW.Whealth.net

i degeh infs ian parkage far propl & wdu d i

What kind of Water do you drink?

v Danish Water Revitalizer «ves s

W pumg € throsgh sraght aad sarroe papebner, mest o by the wre o agh pressare st pamps The Waeer s thes esposed to mameros %0 degree fums
AR tres condibons e each tateg the b foree out of the Water

Then as  rem of ur # becomen *dewd or lary” sed baacteria busldup ocoumy m the gapeline synem Then we add chlorizs 1o & which il o of the bactens
oth et and b ot - both i the Waser and i, whes we drok o aeed whes we showes 1 it Take a leok ot what eformanon car ok 10 The Leadeg Edge
Groug can provide yos wih i respect o chivnee and Beonde The nformabon you can fisd Siere makes the upe of theve chemscas Jook bke 8 creme agann
bumarsry

Tncreasngly. more and more peopie ar becomang awar of the need for sddaonal Water trestmens. In & pat mors peoph thought Bier rystems were the
soktion. They're notl Lock o o, ad yos will see why Filtraton raght 0 be necerrary, bat alone € dors ot promde good and rade Water f e ndormaticn
balow i trar. Judgn B potwsll

~Tive Life-giving Water-
Even whes Water bas pardied, ¢ ofem trg v drequmnies of posicacss wbrtamcrs which can be pestralioed by
remtaicng the Water This & rasily sews and verfind by cbeereng & Water drog under 8 macroscope Based mpos Sere sbrervations we are fallang abeset *desd

Water" mnd *Afre Wates” The dead Water drcp bhas o defermed atinnimemtems and » destroyed fiastractrs. The Alive Wolre deop has a0 w2t crvolar

retbmeimemheane and o heslber and ntart ed-See mfrasracare 2
| VA LsDEGE GG > - ey s e

i degeh infs ian parkage far propl inspiracienal &

What kind of Water do you drink?
[T TR -

oy
= We pump the water through straight and narrow

smaral e sserenrd sl b, e . ot et e hneont oot of ot Wabsr s W o 2 wasity

:tubes most by the use of high pressure turbine

= pumps. the water is then exposed to numerous 90
Tnc

= degrees turn. As aresult of this it becomes "dead

or "lazy".

Even whes Water bas pardied, ¢ ofem tag drequmnies of posicacss wbrtamcrs which can be pestralioed by
remtakiong the Water This w vavdy vess mnd verfind by cborrong » Watrr drop under 8 macrocepe. Based vpon v cheervations we are tang aboet "dead

Water" mnd *Afre Wates” The dead Water drcp bhas o defermed atinnimemtems and » destroyed fiastractrs. The Alive Wolre deop has a0 w2t crvolar

retbmeimemheane and o heslber and ntart ed-See mfrasracare 2
| VA LsDEGE GG > - ey s e

14



T CE Ree Froim Tmm e L oet—r 2] e s

Cogles] o] Bt Gewchite  @mnite s gm0

-
» Chemically water is considered to be one atom of
oxygen bonded to two atoms of hydrogen. The

bond angle between the two atoms is known to be
Wi
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; variable depending upon the amount of energy in

2the molecule.

?Research has shown that water whose bond angle *
?;is 101%is "dead.” When water is distilled, the
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PSEUDOSCIENCE

Claims , belief or practice posing
as science but that are not
supported by the scientific
method.

Lewis Structure
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What is the molecular geometry of ICI,"?

Lewis Structure |*

1. Linear

2. Bent

3. Pyramidal

4. T-Shaped

5. See-saw Bonding Pairs: 4

6. Square planar Lone Pairs: + 2

6

ICl, ICl,

electron pairs geometry: octahedral

electron pairs geometry: octahedral

molecular geometry:

1200 G Ip-lp p-lp @
\ .\ ,180°
. (I‘H..,__H.l Cl
_. 49;5.;@;3?‘ ' (-.rffi:.,s(,l
Cl
see-saw square-planar
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ICl
electron pairs geometry: octahedral

molecular geometry:

-
[e]
(@]

[=]

/

R

-

see-saw square-planar

ICl
electron pairs geometry: octahedral

molecular geometry:square-planar

Cl——" H(‘l

1

4
L1

c_ W al

y
i

s
.',
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BrF,* 34 e BrF,* 34 e
Lewis Structure: et Lewis Structure: ot
T |
‘F—Br—p: F—Br—pg
S g
F: F
Bonding Pairs: 4
Lone Pairs: + 1
5
BrF,* 34 e BrF,* 34 e

electron pairs geometry: trigonal bipyramidal

electron pairs geometry: trigonal bipyramidal

molecular geometry:

K + I &
~ Br F—Br
\‘\‘\ ’ F
| ™F ,
F %

see-saw trigonal pyramidal
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Bri,* 34 e

electron pairs geometry: trigonal bipyramidal

molecular geometry:

5 + I +
. rBr/F . F‘_lr/r
¢: S TF
F ’
see-saw trigonal pyramidal

BrF,* 34 e

electron pairs geometry: trigonal bipyramidal

molecular geometry:

see-saw trigonal pyramidal

BrF,*  34e

electron pairs geometry: trigonal bipyramidal

molecular geometry:  see-saw
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ClF, 24/28 e- ClF, 28 e-
Lewis Structure: ='|F'! Lewis Structure: ='|F'!
::I.?— Cl —.F_: F—CI—F
Bonding Pairs: 3
Lone Pairs: 2
5
ClIF; 28 e ClF; 28 e

electron pairs geometry: trigonal bipyramidal

electron pairs geometry: trigonal bipyramidal

molecular geometry: T-shaped

20



ClIF, 28 e
electron pairs geometry: trigonal bipyramidal

ClF; 28 e
electron pairs geometry: trigonal bipyramidal

molecular geometry: T-shaped

Lewis Structure: -'.'.?._-X‘.?-_ E:

Lewis Structure: -'.i?'—._)i'e_.—i,f_:

Bonding Pairs: 2

Lone Pairs: + 3

21



XeF, 22 e
electron pairs geometry: trigonal bipyramidal

XeF, 22 e
electron pairs geometry: trigonal bipyramidal

molecular geometry: linear

Linear

electron pairs geometry: trigonal bipyramidal

molecular geometry: linear

electron pairs geometry: trigonal bipyramidal

molecular geometry: linear
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BrFs 42 e BrFs 42 e
Lewis Structure: F\ =/'F.5 Lewis Structure: F\ :/'F':
F—Br—F F—Br—Fr
' |
F :F:
Bonding Pairs: 5
Lone Pairs: +1
6
BrFs 42 e BrFs 42 e

electron pairs geometry: octahedral

electron pairs geometry: trigonal bipyramidal

molecular geometry: square pyramidal

Square pyramidal

23



BrFs 42 e
electron pairs geometry: octahedral

molecular geometry: square pyramidal

BrFs 42 e
electron pairs geometry: octahedral

molecular geometry: square pyramidal

Molecules and lons containing
Multiple Bonds

For geometrical considerations, a
multiple bond can be treated as if it
were a single bond

24



Electron groups

Electron groups = # of bonds ***
+ # of lone pairs

*** Eor geometric consideration multiple
bonds count as single bonds

CH,NCO
Recall
i
H—C—=Nm=Cs=03
| 3
H

CH,NCO
Recall e groups: 4
H
| % o
H=—C— XN m{ ()
I
H

25



CH,NCO CH,NCO
Recall e groups: 4 Recall
P|l e geometry: H
H—C—Nm=C =0} tetrahedral M N—aCamO?
| molecular
H geometry: "
tetrahedral
Anale: ~109.5°
CH,NCO CH,NCO
Recall Recall
H e groups: 3 i e groups: 3
H . _ﬁ- B (s H ( _f\}: ( 0O e'.geometry:
- trigonal planar

"

"
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CH,NCO CH,NCO
Recall Recall
e groups: 3 e groups: 3
H H
H=—C—N=sC==0! e'_geometry: HeC—N=C =0 Molecular
«+ trigonal planar *+ geometry: bent
” ol ” S
>N &SN
Ne \c
CH,NCO CH,NCO
Recall Recall
e groups: 3
H H
H—C-—N=sCmm@g Molecular HC = N=C=03
*+ geometry: bent .
H H

Angle: ~120°
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CH,NCO CH,NCO
Recall ) _ Recall ) _
i e groups: 2 i e groups: 2
- e geometry:
H-( =C =03 H—( N=C=() linear
H H
CH,NCO CH,NCO
AECE e groups: 2 C/ !
H « ~
~- e geometry: ‘N
H—( N=C=() linear |
H molecular wnC
geometry: linean H \H
Angle: ~180° H

28



CH,NCO CH,NCO
AO¢ A
£ ®
P / P /
N/ N/T \
| |«/120°
H 109° g 109°
CH,NCO
180° . &
( f .
o 2L
N7y
|«/120
H /S:\
H 109°
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THE SHAPE OF
MOLECULES

THE SHAPE OF
MOLECULES

MOLECULAR POLARITY

POLAR NET DIPOLE MOMENT
MOLECULES:

NON-POLAR NO NET DIPOLE
MOLECULES: MOMENT

Predict if the following molecules
are polar or non-polar

30



CO, CO,
< - >
'0=C=0 0=C=0
CO,
CO,

Non-polar
H=0
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Riggs Glacier
Alaska

Riggs Glacier
Alaska

Riggs Glacier
Alaska
CcO 0.6 . . . ; ' '
2 Global Temperatures
8 04 —— Annual Average -
Average Global % — Five Year Average
Temperature £ ' |
e
<<
With 150C <
® |
a
Without -15°C £
@
|_

1860 1880 1900 1920 1940 1960 1980 2000
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H,O H,O
H.,,,,OO H"\'(;/O
w5 Lg~

H,O Cccl,
A i

+—)
s
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CcCl, CcCl,
1
Z C 7 Cl
CI=EC it CI=E s
Cl Cl
Non-polar
H=0
CH, CHCI,
Cl
" H—C,,
H—cC,, e S
H i
H
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CHCI,
Cl
H—C Y
Sl

X1

CHCI,
Cl
H—CY~
&
X1

Polar
u=1.04D

CIF, XeF,
Polar Non-polar

PFs

Non-polar
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H 109°poLAR

Experimental Evidence for
Dipole Moment

| ~ | Electrode

4
N ,'-'gl Electrode
!
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BOND ENERGIES
&
BOND LENGTHS

Bond Energy
(kJ/mol)

C—C 347

Bond Energy

(kJ/mol)
C—C 347
c=C 611

Bond Energy
(kd/mol)

C—C 347
Cc=C 611
C=C 837

37



Bond Energy

Bond Energy

Bond Length

(kJ/mol) (kJ/mol) (pm)
C—C 347 C—C 347 154
C=C 611 C=C 611 134
C=C 837 C=C 837 120
The 2nd bond in double bonds, and the 2nd
and 3rd bonds in triple bonds, are weaker than
single bonds
Bond Energy Bond Length Bond Order
(kJ/mol) (pm)
c—C 347 154 CcC—C 1
C=C 611 134 C=C 2
C=C 837 120 C=C 3

Bond lengths decrease with increasing bond
strengths
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V.S.E.P.R. THEORY
KEY OBJECTIVES

. Predict the electron-pair geometry and molecular
shape of a molecule or ion with VSEPR theory.
Know that single bonds act similarly to multiple
bonds to determine molecular shape.

. Use electronegativities to determine if a bond is
polar, and use bond polarities and molecular shape

to predict whether a molecule has a dipole moment.

V.S.E.P.R. THEORY
LEARNING MATERIAL
Review: Ch.10.7 -10.9

Practice Examples: 10.10-10.13

Exercises: 59-84 (as many as you can until
you feel comfortable with the material)

Self-Assessment Exercises:131-146

Mastering Chemistry: Petrucci website
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