
Organic Molecules are Boring

Organic chemistry is a discipline within chemistry which involves the scientific study of the structure, 
properties, composition, reactions, and preparation (by synthesis or by other means) of chemical 
compounds consisting primarily of carbon and hydrogen, which may contain any number of other 
elements, including nitrogen, oxygen, the halogens as well as phosphorus, silicon and sulfur



Organic Molecules are Boring

DOW CHEMICAL NIGHTMARE



• Chlorpyrifos
(Dursban)
• organophosphate;
thiophosphate

• uses
• agricultural
insecticide

• termiticide
• third most frequently
detected compound
in urban streams

• BANNED FROM HOUSEHOLD USE

Interesting molecule of the day
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Interesting molecule of the day



• Chlorpyrifos
(Dursban)
• may affect fetal brain development

• Whitney et al., 1995. Toxicol. Appl. Pharmacol. 134, 53‐62.

“Results indicate that low doses of chlorpyrifos target the 
developing brain during the critical period in which cell 
division is occurring...”

“Our finding of a much greater sensitivity to chlorpyrifos in 
the neonate, in terms of both systemic toxicity and targeting of 
DNA and protein synthesis within the brain, emphasize the 
need for caution in assigning safety standards.”

Interesting molecule of the day



• Chlorpyrifos
(Dursban)

Washington growers continue use of chemical tied to 
workers' cancer

Washington orchard owners last year applied more than 
270,000 pounds of chlorpyrifos, a pesticide linked to lung 
cancer and nerve damage in farm workers…

Spokane Spokesman-Review; August 24, 2004 

Interesting molecule of the day



• Chlorpyrifos
(Dursban)
• EPA phase out/eliminate rule, June 2000

• 10 safety factor to provide “adequate safety margin 
for children”

• 1996 Food Quality Projection Act
• not all agree;
see Agricultural and Environmental News

Interesting molecule of the day



Organic Chemistry Review

• What elements make up organic compounds?

• C, H, O, N, S

• Halogens:
F, Cl, Br, I



Formulae and Structure
• What is the molecular formula of phenol?

• C6H6O

• What is a structural formula of phenol?
• C6H5OH

• What is the structure of phenol?
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Formulae and Structure



Covalent Bonds
• What is a covalent bond?

• a sharing of a pair of electrons between two 
elements in a molecule

• single, double, triple covalent bonds

• Missing electrons in outer shell?

• H: 1 (of 2 in K), F: 1 (of 8 in L), Cl: 1 (of 8 in M), …
• C: 4 (of 8 in L)
• N: 3 (of 8 in L), P: 3 (of 8 in M)
• O: 2 (of 8 in L), S: 2 (of 8 in M)



Covalent Bonds
• Which element(s) form monovalent bonds?

• H, F, Cl, Br, I
• missing 1 electron in outer shell
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Covalent Bonds
• Which element(s) form bivalent bonds?

• O, S (in the –II oxidation state)

• missing 2 electrons in outer shell
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Covalent Bonds
• Which element(s) form trivalent bonds?

• N, P (in the ‐III, ‐III oxidation state)

• missing 3 electrons in
outer shell
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Covalent Bonds
• Which element(s) form tetravalent bonds?

• C
• missing 4 electrons in outer shell
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Covalent Bonds
• Which element(s) form pentavalent bonds?

• P (in the +V oxidation state)

• missing 5 electrons in the outer shell
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Covalent bond strength



Energy savings or expenditures

• Break 4 C‐H and 2 O=O   need +2656 KJ/mol

• Create 2 C‐O and 4 H‐O  produce ‐3468 KJ/mol



Electronegativity

Linus Pauling



Electronegativity

charge +1 +4 +5 +6 +7
H
2.2

C
2.5

N
3.0

O
3.5

F
4.0

P
2.2

S
2.5

Cl
3.0
Br
2.8
I

2.5a complete table



Electronegativity

• How does electronegativity affect covalent 
bonding?
• The “electron cloud,” or average electron position, 
between the two atoms is shifted toward the 
atom that more strongly attracts electrons

C+ Cl-



Bond Strength
• Which bond do you think is the strongest?

A.    C – F

B.     C – Cl

C.     C – Br

D.     C – I

bond length (Å)

1.38

1.78

1.94

2.14

486 kJ mol‐1

339 kJ mol‐1

281 kJ mol‐1

216 kJ mol‐1



Hydrogen Bonding

• Why are hydrogen bonds 
formed?
• hydrogen covalently bonds 
with an electronegative 
heteroatom (X) like O, S, N

• H electron is pulled away 
and its proton (+) is left bare

• acts like a proton

• The bare “proton” attracts 
other electronegative atoms

bond strength
~ 20 kJ mol‐1



Oxidation & Reduction



Oxidation State
• Status of electrons in bonds

• gained or lost to neighboring atom or ion
• depends on relative electronegativity of atoms or 
ions

• similar electronegativity (e.g., C‐S, C‐I, C‐P), electrons lost 
to heteroatom (i.e., S, I, P)

• Oxidation state value (Roman numerals)
• negative if electrons are gained
• positive if electrons are lost
• for single atom or average for all atoms of that type 
in a molecule

• average can be fractional



Oxidation State

• What is the oxidation state 
of carbon in methane?

• What is the oxidation state 
of carbon in 
dichloromethane?

• What is the oxidation state 
of carbon in carbon 
tetrachloride?
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Oxidation State
• What is the average oxidation 
stat of C in 1,1,2‐trichloroethane?

• What is the average oxidation 
state of C in trichloroethylene?

first carbon:       0
second carbon: +2
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Oxidation State

• What is the oxidation state of sulfur in 
hydrogen sulfide?

• What is the oxidation state of S in 
mercaptoacetic acid?
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Orientation and size

• Bond Angle



• Orientation

Orientation and size



• Restricted rotation

Orientation and size



• Rings

Orientation and size



Delocalized Electrons

• Do delocalized electrons make a compound 
more or less stable?

• The restraints on electron positions are 
diminished, their energy levels are lowered, and 
hence, the compound is more stable.

• delocalized electrons = double, triple bonds = 
stronger bonds



Resonance and aromaticity



Delocalized Electrons

• What are two common functional groups that 
“resonate?”
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Structure and nomenclature



Structure and nomenclature



Structure and nomenclature







Structure and nomenclature: Halogens



Structure and nomenclature: Halogens



Chlorinated cyclodienes!



Structure and nomenclature: Oxygenated



Structure and nomenclature: WOW!



Structure and nomenclature: Oxygenated



Structure and nomenclature: Nitrogen



Structure and nomenclature: Nitrogen



Structure and nomenclature: Sulfur



Structure and nomenclature: Sulfur



Structure and nomenclature: Phosphorous



Structure and nomenclature: ALL



Structure and nomenclature: ALL



Organic Molecules are Boring

Titanium Dioxin will kill you?

Any true to the story?


