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Figure 1.1 The position of carbon in the periodic table.
Other elements commonly found in organic compounds are shown
in the colors typically used to represent them.
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Electronic configuration

Problem 1.1
Give the ground-state electron configuration for each of the

following elements:
(a) Oxygen (b) Nitrogen (c) Sulfur



A representation of a tetrahedral carbon atom
037 (Sl O S ks

Bonds in plane
Bond receding of page

into page
pag \T

C—h__,_H

N
Bond coming

A regular out of plane
tetrahedron — . s

A tetrahedral
carbon atom

Figure 1.6 A representation of a tetrahedral carbon atom.

The solid lines represent bonds in the plane of the paper,

the heavy wedged line represents a bond coming out of the plane of the page,
and the dashed line represents a bond going back behind the plane of the page
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How many additional valence electrons it needs to reach
a noble-gas configuration?

| . . E— gl
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One bond Four bonds Three bonds Two bonds One bond
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Worked Example 1.1

Predicting the Number of Bonds Formed by an Atom

How many hydrogen atoms does phosphorus bond
to in forming phosphine, PH??

Strateqgy

ldentify the periodic group of phosphorus, and tell
from that how many electrons (bonds) are needed
to make an octet.

Solution

Phosphorus is in group 5A of the periodic table and
has five valence electrons. It thus needs to share
three more electrons to make an octet and therefore
bonds to three hydrogen atoms, giving PH.




Problem 1.4
Convert the following representation of ethane,

C,Hg, Into a conventional drawing that uses
solid, wedged, and dashed lines to indicate
tetrahedral geometry around each carbon (gray

= C, ivory = H).

Ethane

21



Problem 1.5

What are likely formulas for the following substances?
(a) CCI?

(b) AIH?

(c) CH?Cl,

(d) SIiF?

(e) CH3;NH?



Problem 1.6

Write line-bond structures for the following
substances, showing all nonbonding electrons:
(a) CHCI;, chloroform

(b) H,S, hydrogen sulfide

(c) CH3NH,, methylamine

(d) CH;Li, methyllithium

Problem 1.7
Why can’t an organic molecule have the formula
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Hexane
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C-H bond strength in ethane 423 kJ/mol
C—-C bond strength is 376 kJ/mol

27
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Problem 1.8
Draw a line-bond structure for propane, CH;CH,CHs.

Predict the value of each bond angle,and indicate the
overall shape of the molecule.

Problem 1.9

Convert the following molecular model of hexane, a
component of gasoline, into a line-bond structure (gray =

C, ivory = H).

Hexane o



Sp2 g <13 Oﬁ;%S
Lma Oyl B K25 J1 0 SN 8)3 28 Jleg P gyl plail 633
g9 dalayg dryd VY o L Uigdlg ol (S gt &g L ygloes cb'.? sz
Aeg)) Olylhedl S gums 2o P gl 8 SIWN Il

Side view Top view

© 2007 Thomson Higher Education

30



ek Ay 5,02 o) (Og S — O S dorgd padt dlay! !
— g8 derga et Al N IS5 ) SPP 01 gyd Slylile S5 (825
70 Ayl g Ladews Byt J1 oy Ao J1 0l OS5 ki) (S0 B Og S
M\)\Mﬁgwg \.5\}? 5,02 EY &;JWM\)\M
Ll W1y pemd) 8P o)l ST o T

p orbltals - bond

i o bond
sp2or

bitals 7 bond
sp2 carbon sp2 carbon Carbon-carbon double bond

<1 121 37
108.7 p\ C C 1174 y%
134pm H

®© 2007 Thomson Higher Education 31




) B Og S —OgS Trg3jalt e

Carbon atom :  sp2 hybridized

© bond =side to side P-P overlap

" ( / " w\’ SS‘JS
\: C
H/ < AN ]
6 bond = head-on or end to end SP?-SP?

overlap
g;“") gﬂj’



Worked Example 1.3 Drawing Electron-Dot and Line-Bond
Structures.

Commonly used in biology as a tissue preservative, formaldehyde, CH,0,
contains a carbon—oxygen double bond.

Draw electron-dot and line-bond structures of formaldehyde, and indicate
the hybridization of the carbon orbitals.
Strateqy

We know that hydrogen forms one covalent bond, carbon forms four, and
oxygen forms two.

Solution
There is only one way that two hydrogens, one carbon, and one oxygen
n combine:
can combine .0: :?:
H"-E-'H H"’-E%"H

Electron-dot Line-bond
structure structure

Like the carbon atoms in ethylene, the carbon atom in formaldehyde is in a
double bond and its orbitals are therefore sp2-hybridized



Problem 1.10

Draw a line-bond structure for propene, CH;CH=CH,. Indicate
the hybridization of the orbitals on each carbon, and predict
the value of each bond angle.

Problem 1.11

Draw a line-bond structure for 1,3-butadiene,
H,C=CH-CH=CH.,.

Indicate the hybridization of the orbitals on each carbon, and
predict the value of each bond angle.



Problem 1.12

Following is a molecular model of aspirin (acetylsalicylic
acid). Identify the hybridization of the orbitals on each
carbon atom in aspirin, and tell which atoms have lone

pairs of electrons (gray = C, red=0, ivory = H).

>
o

Aspirin

(acetylsalicylic acid)
w”
4 _ -
- S ﬁ)-’

&

35
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Problem 1.13
Draw a line-bond structure for propyne, CH;C=CH.
Indicate the hybridization of the orbitals on each carbon,

and predict a value for each bond angle.



9N e
Hybridization of Nitrogen

Lone pair
v Lone pair '

\CH3

07, 10LH\J

110.3°

B4

Methylamine
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Methylamine (CH;NH,), an organic derivative of ammonia
(NH,) is the substance responsible for the odor of rotting
fish.
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Dimethyl sulfide
approximate sp3 hybridization around sulfur,although both have
significant deviation from the 109.5° tetrahedralangle. "



Problem 1.14

|dentify all nonbonding lone pairs of electrons in the
following molecules, and tell what geometry you expect
for each of the indicated atoms.

(a) The oxygen atom in dimethyl ether, CH,—O—CHj
(b) The nitrogen atom in trimethylamine, N (CH;),

(c) The phosphorus atom in phosphine, PH,

(d) The sulfur atom in the amino acid methionine

O
|

EHE—E—EHZEHEE]:HEGH
MNH-



Drawing Chemical Structures

|
H—C—H
Condensed structures
Y s /1 \
r:lj—r:l:—[lI—H = CH3CHCHCH3 or CH5CH2CH{CHg)9
H H H

2-Methylbutane
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Drawing Chemical Structures

Table1.3 Kekulé and Skeletal Structures for Some Compounds

Compound Kekulé structure Skeletal structure
H
Isoprene, CgHg H"‘w,;l;'"‘ H H
ez OOy & N
| |
H H
H H
H “ H H

Methylcyclohexane, C7Hqg H:'E AC E"r_ E'L H

J_
4
M
:i]_
-

C. _OH
Phenol, CgHgO ~cF e OH

-
H"n—
i
Y
=
A
=



Interpreting a Line-Bond Structure

Worked Example 1.4
Carvone, a substance responsible for the odor of spearmint

sl 3y, has the following structure. Tell how many hydrogens
are bonded to each carbon, and give the molecular formula of

carvone.

/\Cf Carvone
Strateqgy
The end of a line represents a carbon atom with 3 hydrogens, CH,; a two-
way intersection is a carbon atom with 2 hydrogens, CH,; a three-way
Intersection is a carbon atom with 1 hydrogen, CH; and a four-way

Intersection is a carbon atom with no attached hydrogens.
Solution

Carvone (CygH140)




Problem 1.15
Tell how many hydrogens are bonded to each carbon in

the following compounds, and give the molecular formula
of each substance:

(a) OH (D) 0
HO NHCHg

HO
HO

Adrenaline Estrone (a hormone)



Complete the electron-dot structure of caffeine, showing all
lone-pair electrons, and identify the hybridization of the
Indicated atoms.

| C—H Caffeine

47



Organic Foods : Risk versus Benefit

© David R. fraz ke hotolbrary, Inc JAkamy

How dangerous is the pesticide being sprayed
on this crop?
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