Chapter 9

Molecular Structures
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Rotation
of Ethane
Molecule
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Balloon VSEPR Models

Triangular planar

Tetrahedral Trianqular bipyramidal




What Isthe “shape’ of the
molecule?

e How are vaence electronsin a molecule
distributed among the orbitals?

o \What are the shapes of these orbitals?
e What order are they occupied?



Molecular Geometry

V SEPR Theory
Valence Shell Electron Pair Repulsion Theory

draw Lewis el ectron dot structure

count the number of bonding electron pairs
about central atom (double and triple bonds
count as one pair for shape prediction)

count the number of lone pairs of electrons
match electron pair information to shapes



|dealized V SEPR Geometries
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Electron Pair & Molecular
Geometries
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V SEPR Theory
Three and Four Electron Pairs




V SEPR Theory
Five and Six Electron Pairs




Lewis Electron Dot Structure

:Cl:P:Cle
:Cl:
on P atom
+3 bond pairs

trigonal pyramidal shape



Lewis Electron Dot Structure

on | atom
<5 bonds pairs

o
o

Square pyramidal shaped



Lewis Electron Dot Structure

on | atom

+4 bonds pairs

o
o

Square planar shaped



L ewis Electron Dot Structure

:0: S0,
0

on S atom
3 bond pairs

trigonal planar shape



Hydrogen Molecule

Overlap
region

An H—H bond
forms by the overlap
of the 1s orbitals
from each H.

D-0—

Hydrogen 1s orbitals Covalent bond

in H,



209

Hydrogen
15 orbital

Hydrogen Fluoride Molecule

Fluorine
2p orbital

Overlap
region

Covalent bond
in HF

An H—F bond
forms by overlap of
a 2p orbital on F with
a 1s orbital on H.




sp Hybrid Orbitals

Atomic p orbitals not

used in hybridization Two sp hybrids
Z Z x

DOrhital
hybridization
—_—

Py

The cther two fr
orbatals—p, and p,—
remain unhybridized

combines with hytwid orbitals that

The 5 crtital v lee foammm bwens s
the b, orbital... lie along the x-axis.




In BeF,
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sp> Hybrid Orbitals

1

Not used
4 i £
Py ¥ Py ¥ Py
b ¥ X
The s crbital
combhines with
two porbitals,

Three sp? h*,rhzrid orbitals

Orbital
hybridization
_..

¥

...t form three spf hybrid
orbinals that lie betwesn
the axes in the -y pline,

The remuining fr
orhital—p, —is
not hivbridized.




Hybridization In BF 4
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Isolated B atom
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sp3 Hybrid Orbitals

¥
Drbital
e . hybridization
e \;':/\ \?4\ \%
X

The 5 r:mﬂ'ldnuwrrh
three forbitals.,

Il]Eﬁ
Fm.:pamrnﬂu arhitals

o form four I,D' hybrid orbigals
nm'l:m.f in @ tetrahedron,
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Hybridization in CH,

A F A A
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g — » Four sp° hyborid
hvhridization s ~ etk
yDHEZaton - orbitals on C in CH,
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2s 2s
Isolated C atom



brldlzatlon INNH, & H,0O

Lone pair

Four sp? hybrid orbitals on N

L gl

w
% Orbital __ Lone Sigma bond
5 hybridization  pair  electrons
L
2; ammonia
Isolated N atom
Four sp3 hybrid orbitals on 0 Lone pats
. mmmon
B Orbital __ Tone Sigma bond
£ hybridization  pairs electrons

o

25
Isolated O atom



Hybrid Orbital Geometries

es
%!_;a;;a; BN LE (REBN RS LRE
Atomic orbitals mixed OUne s and one p One s and two p One s and three p
- 4 - k 3 k3 - - v : 3 s ol = I »: 1§ = ? - . -;
Hybrid orbitals formed I'wo sp - Three sp~ Four sp”
Unhybridized orbitals Two p - Onep None
remaining




Pi Bond

Sideways overlap of two

Unhybridized p orbitals forms one T bond.

p orbitals

These are two These are two
lobes of one p > LT “ﬂ -%) lobes of one T
orbital, s - bond.

Bond axis




Bonding in Formaldehyde

Unhybridized

These are two
lobes of one

bond.




Four unhybridized
2p orbitals

Bonding In
Acetylene

(a)

(b) Pibondsin acetylene



Hybridization in Expanded Ocetet

(a) Triangular bipyramidal (b) Octahedral
sp3d hybridization sp3d? hybridization



SigmaBond o

Bond with the greatest electron density on aline
connecting the atomic nuclel

s-stype p-p type s-p type
S-sp° type S-sp? type S-sp type
p-sp° type p-sp° type p-sp type

sp3- 5p* type sp*-sp°type  sp- sptype
etc., including all combinations of s, p, d, and
hybrid orbitals



Pi Bond Tt

Bond with the greatest electron density
above and below aline connecting the
atomic nuclel

p—o type



Molecular Polarity

o+  O—
T—>

Nonpolar Polar molecule,
molecule, Cl, HCI



Polar Molecules

Field off (— Field on 4]




Dipole Moments of Select

Compounds
Molecule Moment Molecule Moment
H 2 0 COZ 0
HF 1.78 NHs 1.47
HBr 0.79 NCl; 0.39
Bri 1.29 CH4 0
BrCl 0.52 CH,Cl 1.92

H,0 1.85 CHCl; 1.04



Molecular Polarity

5 H
‘ I J I——"'NEt dipole
b @
F"’FC\& No net dipole F° / “‘)-\}
i

CF4 is nonpolar CHF; is polar




Types of Intermolecular Forces

Noncovalent interactions |

N

London forces | Dipole-dipole forces | Hydrogen bonding
Attractions between all Attractions between Attraction of covalently bonded H
types of molecules, even dipoles of polar molecules to lone pairs on N, 0, or F atoms in other

nonpolar ones molecules or in the same molecule (if the

molecule is large enough)



| ntermol ecular Forces in M ethane

There are only weak noncovalent
forces between methane molecules.

Little energy is required
to overcome those forces.




L ondon Forces

These are temporary
partial charges.

‘e




Boiling Points of
Nonpolar Substances
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Structures & Bolling Points

v
pentane, bp = 36.0 °C 2,2-dimethylpropane, bp = 9.5 °C



Dipole-Dipole
Attractions

The BrCl
molecule is polar.

The Br atom
acquires a partial

positive charge...

 am—
o o+

...because the
more electro-
negative Cl
atom attracts
electrons away
from Br.

=¥
o— O+

The partial negative region

of one molecule is attracted

to the partial positive region
of the neighboring molecule.




Boiling Points of
Nonpolar and Polar Substances

LE 9.6 Numbers of Electrons and Boiling Points

Nonpolar molecules Polar molecules
No. e's bp (°C) No. e’s bp (°C)
N, 14 —196 CO 14 —192
SiH 4 18 —112 PH; 18 —88
GeHy 36 —90 AsH; 36 —62

Br, 70 59 ICl 70 97




Hydrogen Bonds

 Attraction of hydrogen atom for an electron
pair on asmall, very electronegative atom



Hydrogen Bonding in Ethanol




Hydrogen-
Containing
Binary
Compound
Boiling
Points

Temperature (°C)
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E containing atoms from
i i the same periodic group. J
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Period

The dashed line predicts where]

H,O would be in the absence
of hydrogen bonding.




Hydrogen Bonding in Water




Double Stranded DNA

Two deoxyribose=phosphate The hackbones (red) Complementary bases (hlue)
backbones are joined o rwist wgether in 2 are connected Dy hydrogen

brases lying in the center. double helix. boncls (clashed line).




Comparison of alkanes with no dipole, a dipole and H-Bonding

Dipole Boiling

Molecular moment point
Molecule weight (D) (°C)
Ethane CH;CH, 30 0 3 :g{i
Formaldehyde HCHO 30 2. %
Methanol CH;OH 32 1.7
n-Butane CH3 CHE CH2 CH_; 58 0 —522
Acetone CH;COCH; 58 3.0 g'
Acetic acid CH;COOH 60 1.5 11
n-Hexane CH5(CH,), CH; 86 0 23
Ethyl propyl ether Cs;H4,0 88 1;: i3
1‘PEﬂtanD| C5 H11OH BB .

a|n order to make comparisons meaningful, molecules have been put into three groups of similar
molecular weights and size. Within each group the first molecule is non-polar and interacts purely
via dispersion forces, the second is polar and the third also interacts via H-bonds.

In large molecules, the van der Waal’s interactions add up and become significant.

Jacob Israelachuvili, Intermolecular and Surface Forces (1992).
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