
Bonding, Lewis Structures Z Ch 12.15, 13
"There are therefore Agents in Nature able to make the Particles of Bodies stick together by very strong Attractions. And it is the
Business of Experimental Philosophy to find them out." Isaac Newton, 1717
"Two atoms may conform to the rule of eight, or the octet rule, not only by the transfer of electrons from one atom to another, but also by
sharing one or more pairs of electrons. These electrons which are held in common by two atoms may be considered to belong to the
outer shells of both atoms." Gilbert Newton Lewis, 1916
"We shall say that there is a chemical bond between two atoms or groups of atoms in case that the forces acting between them are
such as to lead to the formation of an aggregate with sufficient stability to make it convenient for the chemist to consider it as an inde-
pendent molecular species." Linus Carl Pauling, 1939
(Nobel Prize in Chemistry in 1954 "for his research into the nature of the chemical bond and its application to the elucidation of the
structure of complex substances" and Nobel Peace Prize in 1962.)

Seven SIMPLE BONDING CONCEPTS

13.3 – Bond Polarity and Dipole Moments , 6) dipole moment
7) electronegativity and atomic size effects (EX 1 and 2)

Quiz on Friday



Electronic Geometry:  Octahedral (SN=6)
REVIEW FROM MONDAY



Lewis Structures and VSEPR
REVIEW FROM MONDAY

seesaw



Lewis Structures and VSEPR (Beyond Octets)
REVIEW FROM MONDAY



5)  VSE (Valence Shell Expansion)

RnCl2                                                                             XeOF4

VAL = 8 + 2(7) = 22                                                   VAL = 8 + 6 + 4(7) = 42
STAB = 3(8) = 24                                                       STAB = 6(8) = 48
BOND = 24 – 22 = 2/2 = 1 BP                                 BOND = 48 – 42 = 6/2 = 3 BP  
LONE = 22 – 2 = 20/2 = 10 LP                                 LONE = 42 – 6 = 36/2 = 18 LP
2 Rn – Cl bonds => VSE =>                                      need 5 bonds => 5 BP => 2 VSE expansions

2 BP, 9 LP (6 on Cl)                                                    5 BP, 16 LP (15 on O,F)   

REVIEW FROM MONDAY



Seven SIMPLE BONDING CONCEPTS

1) Lewis structures
2) Resonance
3) Formal charge
4) Valence Shell Electron Pair Repulsion (VSEPR) Theory
5) Valence shell expansion (VSE)
6) Bond and molecular polarity
7) Effect of electronegativity and atomic size on bond angles



Molecular Polarity
For a molecule to be polar it must
1. have a polar bond (bond between atoms of 

different electronegativities)
2. bond polarities must add to give a net  

polarity (dipole) for the molecule
3. a dipole moment is a vector

µ = Σ Qiri

Consider HI: I is more electronegative than H 
so the dipole points from H (δ+) to I (δ-)

In water each O – H bond is polar with the dipole  
pointing from H (δ+) to O (δ-). Then the two  bond 
dipoles need to be vectorially added to give  the 
net dipole for the molecule



Molecular Polarity

ammonia, NH3 sulfur tetrafluoride, SF4



Molecule with Polar Bonds May Not be Polar

The addition of bond dipoles can be extended to more than two. Consider BF3
1. draw the Lewis structure
2. determine the electronic geometry and then the molecular geometry (determines bond dipoles)
3. sketch the structure (three dimensional if needed
4. vectorially add the bond dipoles



Molecule with Polar Bonds May Not be Polar



Molecular Polarity for Organic Molecules



Electronegativity and Atomic Size Effects

In a bond between elements of differing electronegativity, the more electronegative
element pulls the bonding pair electrons more strongly to itself. If a central atom is
surrounded by atoms of large electronegativity, the bonding electrons are drawn away from
the central atom, reducing the repulsive effect of these electrons and leading to smaller
bond angles. On the other hand, if the central atom has a large electronegativity, bonding
electrons are pulled toward it, increasing electronic repulsions and a larger bond angle
results.

In comparing a bond containing a larger atom to one containing a smaller atom, the bond
with the larger atom naturally has its bonding pair of electrons further removed from it
just due to its size. So a molecule with a large central atom would tend to have smaller
bond angles than a smaller central atom.



Electronegativity and Atomic Size Effects

b)  CH4 orNH3

c) H2AsO4
- or HAsO4

2-

d)  HIO orHClO

e)  H2Se orH2Te

EX 1. Determine the stronger acid in the following pairs and explain why.
a)  H3PO3or H3PO4 more lone O atoms

N more electronegative

easier to remove H+ from singly charged anion

Cl more electronegative

Te larger



Absorption and Emission of Ultraviolet 
and Visible Radiation

color wheel



(Hubble telescope image in background).  Lines of carbon monoxide (CO) isotopes, molecules hydrogen cyanide 
(HCN), hydrogen isocyanide (HNC), carbon monosulfide (CS), and the abundant interstellar molecular ion HCO+

Microwave spectrum from Constellation Ursa Major 



Iris Nebula in Visible and Infrared Light

(left) visible light, blue color due to dust grains reflecting starlight; (right) Infrared emission of light from the
nebula yields an IR spectrum characteristic of polycyclic aromatic hydrocarbons (PAHs).

Infrared Emission from Iris Nebula

polycyclic aromatic hydrocarbons



(Hubble Space Telescope) red (H), blue (O), green (singly ionized N atoms)

UV/VIS Emission from Cat’s Eye Nebula



To a) absorb or b) emit a photon
of electromagnetic radiation the
sample must exhibit periodic
motion whose frequency matches
that of the absorbed radiation.

∆Esample = Ephoton = hν = hc/λ

Basic Theory



Basic Experiment (black box lab exp)

transmittance                        absorbance                              Beer’s Law



58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
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19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

39.098 40.08 44.956 47.867 50.942 51.996 54.938 55.85 58.933 58.693 63.55 65.4 69.723 72.63 74.922 78.97 79.904 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
85.468 87.62 88.906 91.22 92.906 95.95 (97/8) 101.1 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.6 126.90 131.29

55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

132.91 137.33 138.91 178.5 180.95 183.84 186.21 190.2 192.22 195.08 196.97 200.59 204.38 207.2 208.98 (209) (210) (222)
87 88 89 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
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Lanthanides

Actinides
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