
•  Ionic compounds are formed when electron(s) are 
transferred.  
•  Electrons go from less electronegative element to the 
more electronegative forming ionic bonds. 

Ionic Compounds 







G.N. Lewis	

Photo Bancroft Library, University of California/LBNL Image Library	


Footnote:	

G.N. Lewis, despite his insight and contributions 
to chemistry, was never awarded the Nobel prize.	




Lewis Electron-Dot Symbols for
 Elements in Periods 2 & 3 

Depicting ion formation with orbital 
diagrams and electron dot symbols 

Problem: Use orbital diagrams and Lewis structures to show the
 formation of magnesium chloride from its ions starting with the
 respective atoms.	


Step 1: Draw the orbital diagrams for Mg and Cl atoms. 	


To reach completely filled, stable electronic configurations each
 Mg atom loses 2 electrons, and each Cl atom gains 1 electron.
 Therefore there are two Cl - ions for every one Mg 2+ ion.	


Step 2: Draw the orbital diagrams for the Mg 2+ cation and 2 Cl-
 anions. 	
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Depicting Ion Formation with Orbital 
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Covalent Compounds 
• Share valence electrons.  
• 1 pair = 1 bond; maximum # of atom-atom    

 bonds = 3. 
• Octet rule (“duet” for hydrogen) 
• Lewis structure examples:  

Notice the charges: 	

In one case they balance, can you name the compound?	

In the other they do not.	


It has a “Formal” charge. Can you name the polyatomic ion?	


Important Bond Numbers 
(Neutral Atoms!) 

H F I Cl Br one bond 

O two bonds 

N three bonds 

C four bonds 
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The formaldehyde compound, also known as methanal, has
 been linked to indoor air pollution and related health
 effects. It can be used in some cases as a disinfectant and is
 found in some resins and glues.  The correctly drawn Lewis
 structure of H2CO would have how many unshared
 electrons?	


A. 	
Zero unshared e–	

B. 	
One unshared e–	

C. 	
Two unshared e–	

D. 	
Four unshared e–	


Dinitrogen  monoxide has several uses ranging from a dentistry
 anesthetic to automobile racing enhancement.  Starting with
 two possible basic structures given here, diagram two different
 Lewis structures.  If your first structure contains four unbonded
 electrons around oxygen and your second structure contains six
 unbonded electrons around oxygen, how many bonds would be
 between the N atoms in the first and second compounds?	


	
 	
 	
N–N–O 	
 	
N–N–O	


A. 	
2, 3	

B. 	
1, 3	

C. 	
2, 2	

D. 	
1, 2	


The N2O molecule has sometimes found use as an aerosol
 propellant.  One structure that satisfies the Lewis electron dot
 rules is N=N=O.  In this case, what would be the formal
 charge of the middle N atom?	


A. 	
Zero	

B. 	
+1	

C. 	
–1	

D. 	
I am not sure how to determine the formal charge on	

	
an atom in a compound.	




0.143 nm	


Visual Interpretation	


Color coded electron density distribution:
 blue-lowest, red highest, green balanced	


Determining Bond Polarity from 
       Electronegativity Values 

Draw arrows to represent the dipole moment of each using ENs:	

a) the EN of O = 3.5 and of H = 2.1:  O  -  H 	

    the EN of O = 3.5 and of Cl = 3.0:             O  -  Cl	

    the EN of C = 2.5 and of P = 2.1:                             C  -  P	

    the EN of P = 2.1 and of N = 3.0:    P  -  N	

    the EN of N = 3.0 and of S = 2.1:               N  -  S	

    the EN of C = 2.5 and of Br = 2.8:                           C  -  Br	

    the EN of As = 2.0 and of O = 3.5:    As  -  O	


b)  Rank the bonds in increasing order of polarity.	


Determining Bond Polarity from 
       Electronegativity Values 

Solutions:	

a) the EN of O = 3.5 and of H = 2.1:  O  -  H 	

    the EN of O = 3.5 and of Cl = 3.0:             O  -  Cl	

    the EN of C = 2.5 and of P = 2.1:                             C  -  P	

    the EN of P = 2.1 and of N = 3.0:    P  -  N	

    the EN of N = 3.0 and of S = 2.1:               N  -  S	

    the EN of C = 2.5 and of Br = 2.8:                           C  -  Br	

    the EN of As = 2.0 and of O = 3.5:    As  -  O	


b)  C - Br < C - P < O - Cl < P - N < N - S < O - H < As - O	

        0.3    <   0.4   <    0.5   <  0.9      < 0.9   <   1.4    <  1.5	




                      Resonance: 
 Delocalized Electron-Pairs 
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Resonance Hybrid Structure	


One pair of electron’s resonates 	

    between the two locations!!	


..	
 ..	




The nitrogen atom in the!
ammonium ion has a formal!
charge of +1, but the actual!
positive charge of the ion is!
distributed around the 
hydrogen atoms and the 
nitrogen atom has a partial 
negative charge.!



Biologically the NO molecule plays several important roles
 in human physiology.  Of particular importance and interest
 is its role in maintaining blood flow and pressure.  A
 properly diagramed Lewis structure of NO would have how
 many e– not involved in bonding?	


A. 	
Zero	

B. 	
Three	

C. 	
Five 	

D. 	
Seven	


Formal charge = number of valence electrons – 
(number of lone pair electrons +1/2 number of bonding electrons) 

Formal charge = 5 – (3+1/2 4) = 0 



Some examples of minimizing interactions.	


Some examples of minimizing interactions.	


http://chemconnections.org/VSEPR-jmol/!



Important	

 in	

Organic	

Compounds	
 The compound BF3 can react with silicon to help etch

 computer chips.  After diagraming the complete Lewis
 structure for this compound, determine its shape and provide
 one of the following names for the shape you drew.	


A. 	
Trigonal planar	

B. 	
Trigonal bipyramidal	

C. 	
T–shaped	

D. 	
Linear	






http://chemconnections.org/VSEPR-jmol/!

http://chemconnections.org/general/chem120/VSEPR/index.html!



Covalent Compounds 
• Equal sharing of electrons: nonpolar covalent 
bond, same electronegativity (e.g., H2) 
•  Unequal sharing of electrons between atoms of 
different electronegativities: polar covalent bond 
(e.g., HF)  



•  Dipole moments are experimentally measured. 
•  Polar bonds have dipole moments.  

dipole moment (D) = µ = e x d 
(e) : magnitude of the charge on the atom 
(d) : distance between the two charges 

Bond Dipole & Dipole Moment 

When identical polar bonds 	

point in opposite directions,	

the effects of their polarities	

cancel, giving no net dipole	

moment. When they do not	

point in opposite directions,	

there is a net effect and a net	

molecular dipole moment,	

designated δ.	


Resultant Molecular Dipole = 0	




The bonds between carbon and oxygen in CO2 and the bonds
 between carbon and oxygen in acetic acid have exactly the
 same difference in electronegativity.  Yet CO2 is a non-polar
 gas, whereas acetic acid is polar.  Which statement provides a
 factual  reason for this difference?	


A. 	
CO2 has no dipole moment because the symmetry of the C–O bonds
 places them 180°C apart; thus, the polarity predicted in the bonds is
 cancelled by molecular shape.  Since acetic acid is polar, the shape
 must not allow for canceling the bond polarity.	


B. 	
Polarity in a bond does not always predict polarity in a molecule
 because the dipole moment could be increased causing the molecule
 to be less polar.	


C. 	
The partial negative charge of each oxygen, compared to carbon, is
 decreased in CO2 because it gets shared among two atoms. 	


D. 	
The C–O bond in acetic acid remains polar because the other parts of
 the molecule form a tetrahedron.	


•  Resultant Molecular Dipoles > 0	

•  Solubility: Polar molecules that

 dissolve or are dissolved in like
 molecules	


•  The Lotus flower	

•  Water & dirt repellancy	


0.1278 nm	


Wax	


Science, 299, (2003), pp. 1377-1380, H. Yldrm Erbil, A.
 Levent Demirel, Yonca Avc, Olcay Mert	




http://chemconnections.org/COT/VSEPR1/!
BONUS: Questions #2, 3, & 4!

http://chemconnections.org/COT/VSEPR1/VSEPR/VSEPR-WKS-I-12.pdf!
DVC Student Project Group!

An electrically 	

charged rod 	

attracts a stream	

of chloroform but	

has no effect on a 	

stream of carbon	

tetrachloride.	






ALKANES ALKENES ALCOHOLS ALDEHYDES KETONES CARBOXYLIC ACIDS HALOALKANES THIOLS AMINES NITRILES LACTONES

-ane cyclo 
-ane -ene -anol -an-2-ol -anal 2-methyl 

-anal
3-(4-t-butylphenyl) 

-anal -enal -an-2-one methyl 
-an-2-one -anoic acid -enoic acid chloro 

-ane
bromo 

-ane
iodo 
-ane -anethiol -anamine diamino 

-ane -anenitrile -anolide

meth- 
1 carbon none doesn’t exist

carbene is 
too unstable 

to smell
doesn’t exist doesn’t exist doesn’t exist doesn’t exist doesn’t exist doesn’t exist doesn’t exist ? doesn’t exist

eth- 
2 carbons none doesn’t exist doesn’t exist doesn’t exist doesn’t exist doesn’t exist doesn’t exist doesn’t exist doesn’t exist doesn’t exist

prop- 
3 carbons none doesn’t exist none

but- 
4 carbons none

pent- 
5 carbons ?

hex- 
6 carbons ? ?

benzene 
di!erent naming 
system is used n/a n/a doesn’t exist ? doesn’t exist doesn’t exist doesn’t exist doesn’t exist

hept- 
7 carbons ? none none

oct- 
8 carbons ? ? ? none

non- 
9 carbons ? ? none none none

dec- 
10 carbons ? ? ? ? none none none

undec- 
11 carbons ? ? ? ? none

dodec- 
12 carbons ? ? ? ? ? none ?

tridec- 
13 carbons ? ? ? ? ? none ? none

tetradec- 
14 carbons none ? ? ? ? ? ? ? none ? none

pentadec- 
15 carbons ? ? ? ? ? ? none ? none
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PETROL

DIESEL

JET FUEL

NEW JET FUEL

STINK-BUG 
PHEROMONE
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KAPOK 
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UNIQUE; 
FOUND IN 

ROSES

ATTRACTS 
SPERM

KUMQUATS

LILY
WINE

STRONG 
SWEET

FRESHLY 
CUT 

GRASS

PENETRATING,!
SWEET

CITRUS

ATTRACTS 
MICE

BUCKWHEAT

(S)- and (R)- 
enantiomers

MINT

(S)- and (R)- 
enantiomers

DEAD 
ANIMALS 
& URINE

ATTRACTS 
MOSQUITOES

PLEASANT

CITRUS 
FLOWERS

CITRUS 
FLOWERS

FLOWERS

FRESHLY 
CUT 

GRASS

WET 
CEREAL

ALMOND 
BUTTER

OLD PEOPLE

ARMPITS

ARMPITS (WHEN 3-
METHYLATED)

ARMPITS (WHEN 3-
METHYLATED)

ARMPITS

ARMPITS

LIKE NAIL 
VARNISH 

REMOVER

GRAPEFRUIT 
PEEL

ROASTED

STRONG, 
CITRUS-

LIKE

MILK

DEAD 
ANIMALS

SKUNK

ROASTED 
GARLIC

SWEET, ACRID

LIKE 
CHLOROFORM

SWEET

PLEASANT, 
SWEET

SLIGHTLY 
SWEET

SLIGHTLY 
SWEET

PLEASANT, 
SWEET

MILD

VINEGAR

GOATS

SEAWEED

MOUSE 
PHEROMONE

ROTTING 
FISH

ETHEREAL
ETHEREAL

ETHEREAL

OBNOXIOUS

BAY OIL

WAX & NUTMEG

PUNGENT & 
PENETRATING

BUTTERSCOTCH

RUBBING 
ALCOHOL

SUFFOCATING

PUNGENT NUTS 
& CHOCOLATE

PUNGENT 
BANANA

IRRITATING 
GREEN COFFEE

FRUITY, 
ETHEREAL

AROMATIC

RANCID 
BUTTER

SLIGHTLY 
RANCID

BROWN 
SUGAR

&

STENCH

UNIQUE & 
UNPLEASANT

UNIQUE & 
UNPLEASANT

UNIQUE & 
UNPLEASANT

UNIQUE & 
UNPLEASANT

BURNED

SHARP, 
UNIQUE

SHARP, 
UNIQUE

RANCID

RANCID

&

DISGUSTING

MILDLY 
SWEET

MILDLY 
SWEET

TOXIC &!
MILDLY SWEET

SHARP

(S)- and (R)- 
enantiomers

&

&

-2-one!
petrol

-3-one!
herb butter

STRONG, 
FRUITY 

COGNAC

PUNGENT & 
PENETRATING

PUNGENT & 
SUFFOCATING

SWEET, ACRID

HERBAL

&

(2,6-dimethyl-
heptanal)

BURNED 
GREASE

SHARP

&

&

ANGELICA 
ROOT

CEDAR 
WOOD

&

&

TALLOW

FRESHLY 
CUT 

GRASS

FRESHLY 
CUT 

GRASS

FATTY

&

CARAMEL

FRESHLY 
CUT 

GRASS

Organic Chemistry 
Table of organic compounds and their smells
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(4-methyl-)

(3-methyl-)

(6-methyl-)

BAD

TAMARIND
(ANT-CALMING 
PHEROMONE)

FRESH CORIANDER

ALGERIAN 
OIL OF RUE

MUSK

ALSO ANT ‘PANIC’ 
PHEROMONE

AROMATICBenzene

TOXIC, 
AROMATIC

Phenol

SICKENINGLY 
SWEET AND 

TARRY
Acetophenone BALSAMIC BenzonitrileAniline

STARTING 
FLUID

butanethiol!
skunk
2-methyl 
butan-2-thiol!
natural gas 
odorant

OBNOXIOUS

OBNOXIOUS

OBNOXIOUS

OBNOXIOUS

OBNOXIOUS

OBNOXIOUSUNIQUE & 
UNPLEASANT

BIOMARKER 
FOR DAIRY 

CONSUMPTION!
(No smell)CELERY

WAXY

WAXY
MAKES SPERM 

UNABLE TO 
FIND THE EGG

NAIL VARNISH 
REMOVER


