


Organic Compounds

e Carbon containing molecules are
organic molecules

- Exceptions include:
v CO,
v CO
v CN-
v CO%
- Though containing carbon, these
molecules are considered inorganic.
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. Organic Compounds
o o) o Organic compounds are derived from
nt 4 ) living systems.
o’i & e« Most of the matter we interact with iIs
. b § organic.
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« Organicversusinorganic
. ¢ * Numbers know molecules:
nt 4 , - Organic= 6,000,000
o P - Inorganic =250,000
§° M Typical bonding:
ey - Organic: covalent bonds
L L
% - Inorganic: ionic bonds
' ;o e Size
o © - Organic, carbon can form very long
4 o X straight and branched chains
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Organicversusinorganic

* Forces between molecules
- Organic: weak
- Inorganic: strong

e Physical states

- Organic: gases, liquids and low melting
point solids

- Inorganic: high melting point solids

o Flammability
- Organic: usually flammable
- Inorganic: usually not flammable
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: :. Exercise 11.9

¢ ¢
0. °

o ©
£ o

Devise a test, based on the general properties in Table
11.1, that you could use to quickly distinguish between
the substances in each of the following pairs:

a. Gasoline (liquid, organic) and water (liquid, inorganic)

|%4

b. Naphthalene (solid, organic) and sodium chloride (solid,
inorganic)

c. Methane (gaseous, organic) and hydrogen chloride
(gaseous, inorganic)
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Bonding Characteristics

e Car
she

e Car

pon has 4 electrons In its valence
I

non needs 4 electrons to fill its

valence shell
- The “octet” rule

* The electronic configuration for
carbon is1s,22,2p?
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* < Bonding Characteristics

[
c
a: * The two electrons in th2p orbitals
“ & arein half-filled orbitals and therefore
e -
o available to form covalent bonds.
" . - However, this only allows carbon to form
o © two covalent bonds and carbon needs four
‘}; 2 to satisfy the octet rule
Lo
S (9
0. :
0‘0
¢ ©
“
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* < Bonding Characteristics

S ¢ . . .
@ ¢ ° Linus Pauling proposed a solution to
“& this problem:
o . . .
o - The2sorbital mixes with the thre2p
¢ e > orbitals to form fouhybrid orbitals
e © having equal energies.
‘)‘; b - The hybrid orbitals are calleb® orbitals
o - Each of the fousp?® orbitals one valence
o © electron and each can form a covalent
@ & bond.
©
0. °
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* «_ Bonding Characteristics

e
a_'..‘, ~* The2sorbital mixes with the thre2p
- Se orbitals to form fouhybrid orbitals

]

-
o“ having equal energies.

il

.c‘,‘ °
Va
£ 900 gg00-
) o E HY 25 Hybridization
..§.°. “ 15 {-T 1s
e
‘;n.
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nding Characteristics

he 2s orbital mixes with the thre2p
bitals to form fouhybrid orbitals
aving equal energies.
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nding Characteristics

he foursp® orbitals point away from
ach other to form a tetrahedral
eometry
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nding Characteristics

methane (CE), each of the four
p° orbitals forms a single (sigma)

yond with a hydrogen atom

Planar Space-filling
reprasantation micdel

W FIGURE 11.%  Structural representations of methane, CH, .
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«. Bonding Characteristics
o o' Carbon can also form single bonds
"%, withitself

0. ° - This allows it to form long straight and
g branched chains of carbon.

_ Carbon can also from double and

q,o ‘ triple bonds with itself
* ©_ - Thiswill be discussed in Chapter 12.
S ¢
v
¢
0. °
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Structural Isomers

* The large variety in the arrangement
of carbons in organic molecules is
what leads to an incredibly large
number of possible molecules.

- The different arrangements produce
different molecules with distinguishing
physical and chemical properties.
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Structural Isomers

 When different molecules share the
samechemical formulathey are
calledisomersof one another.

- If the difference is due to the arrangement
of the atoms, the isomers are called
structural isomets

- For example, tThere are 366,319 different
structural isomers for the chemical
formula GgH,..
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Structural Isomers

e Bothethanolanddimethylethethave
the same chemical formula {g0).

 Each has a different arrangement of
its atoms (CHCH,OH versusCH,-O-
CH,).

* They also have different physical
properties:

- ethanol is a liquid at room temperature,
while dimethylether is a gas
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ctural Isomers

yth ethanolanddimethyletheihave
e same chemical formula {d,0).

Ethanol (CH,CH,OH) Dimethylether (CH,-O-CH
Liquid at room temperature Gas at room temperature
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Oxvaen, Nitrogen & Halogens

« The number bonds that other non-
metals form can also be determined
by applying the “octet” rule.

- Each is attempting to fill its valence shell.
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Exercise 11.15

Use Example 11.1 and Tables 11.6 and 11.2 to
determine the number of covalent bonds formed by
atoms of the following elements: carbon, hydrogen,
oxygen, nitrogen and bromine
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< ‘ N
. umber of
Vo Element Symbol Group bonds formed
“
. aroon
°. ° Carb C \Y 4
P
- e . Nitrogen N \ 3
4
‘0 . ' Oxygen o) VI 2
R A Halogens F,Cl,Br & | VI 1
L] «o
o (9 Hydrogen H | or VII 1
(% B o
\' B p
" ) 1
[
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Functional Groups

o
o © : . .
L e Organic chemistry is usually
“ & organized according to functional
‘?o group.
G - A function groups a group of covalently
o ° bonded group of atoms, often containing
‘)‘5 elements other than carbon and hydrogen,
S which have distinctive chemical and
b o physical properties.
@ o .
0.0
0. °
&
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-unctional Groups
 Classes of organic compounds:

Examph: of axpandsd Exe—gi ol conderiiad
Funatioral groag v, e ral Aarmaie givuciural formula
'
Akara Mons H=GC— ? —H CHyCH, aiana
i
oo
H _-"'H
b - ™,
Alane c=c C=t M= Chy sthylra
T # H
H H
Alkoygres —LE=e— H—G=C—H HE == &H Eitylana
H
M Fa H‘“\. L '
"_l:— F‘ i’ﬂ'— ﬂ‘.
Admmatic —C c— H=— & &—H @ herdana
oy & s & &
c=c C=cC
s * & % ;
H H
| 1
Akl === H—IIJ—T—G—H GHyGHy — OH sty alcohal
|
H H
el e
Friuai i e P o Y 1Y s Bl MH.— M— e dimaltl etar
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Structural Formulas

o Structural formulashow how the
atoms in a molecule are arranged

- Unlike chemical formulas, which give
only the types and numbers of each atom
In @ molecule.

- Expanded structural formulaxplicitly
show all the bonds in a molecule.

- Condensed structural formulsisow only
some of the the bonds
v The remaining bonds are implied.
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* . Structural Formulas

. B\
e © e Structural formulashow how the
-

- .
- atoms in a molecule are arranged.

>

o
o o

e
e o
o f
€° i e " CH3 CH5OH
3 2
- . H H
h . £ ethanol ethanol
QO_ expanded structural formula condensed structural formula
0\0.
o .
L]
(4]
iﬁn
o U
&
“
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* «_ Alkane Structures

e
~
o°2 * Hydrocarbonsare the simplest of
o _
o'.,‘“ organic compounds.
o - They contain only the elements of
e N hydrogen and carbon.
"0." e Saturated hydrocarbonar alkanes
% A contain only single bonds between
“«*  carbon atoms.
o °
% 2
o 0
~
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Alkane Structures

e Unsaturated hydrocarbgnshich
Includesalkenesalkynesand
aromatics contain at least one double
or triple carbon-carbon bond.

"'\.H‘. r
b / M Ca
G i -5l
\ / | |
Saturated Unsaturated — G
Z
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v
* < Alkane Structures

e
& * « Most biochemical reactions involve
&

¢ . functional groups.

ey - Alkanes have no functional groups.

©
¢ e, * Hydrocarbons form the core of most

& organic molecules.

c
% 2 - The functional groups hang off of this
e core
o ©
V2
6. °
2
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%
% » Alkane Structures

@
e
& “ « The chemical formula for alkanes has
" p the form GH,, .

o™ 4 - wheren gives the number of carbon
> 4 atoms
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Alkane Structures

e Methane

n=1

Primary component of natural gas

Carbon issp® hybridized and has
tetrahedral geometry.

The angle between C—H bonds is 109.5°
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. %
* < Alkane Structures

e

e “ .« Butane
< K o
- 0.0 -n=4
o r - Each carbon isp® hybridized and has
by P tetrahedral geometry.
; : | - There are two possible arrangements of
< the carbon atoms.
R o > - This results in a pair of structural isomers.
e
o ©
€L .
0.0
o c
o™
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ne Structures

n-Butane (C,H,,) Isobutane (GH,)
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* = Conformations oAlkanes

(9
o © * In alkanes the atoms are constantly
6

© ¢ rotating about the carbon-carbon
¢ “ single bonds.

(9
¢ S - The different arrangements that result
' g from these rotations are called
{' ' conformations.
. "o e Alkanes with four or more carbon-
A carbon bonds have many differenent
] € conformations.
e
. ”
<
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Conformations ofAlkanes

 The different conformations armt
Isomers of one another.

- They are considered different forms of the
same molecule.
e Switching from one isomer to another
requires the breaking and making of
covalent bonds.

e Switching from one conformer to
another involves only rotation about
bonds.
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\ne Structures

o conformations oh-butane:

n-Butane (CH,,)
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* = NamingAlkanes

“
e ® < Atfirst common names were given to
e

© . organic compouds.

o g - As more and more organic compounds
b b were discovered, finding unique names
g fqr _the new molelcules became more
%“ - difficult.
. B A group called thénternational
L N Union of Pure and Applied Chemistry
4 (IUPAC), devised a systematic

o-"g method to name organic compounds.
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PAC Names foAlkanes

Each IUPAC name comprises three
“components:
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~  JUPAC Names foAlkanes

52"  Each IUPAC name comprises three

© . components:
e &
¢ [Prefix| [NRSSE{Ending
e g
AN
o

{0 48 - Rootpart gives the number of carbon
b atoms in the longest continuous cahin of
carbons in the molecule.
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JUPAC Names foAlkanes

 Each IUPAC name comprises three
components:

Prefix Root ‘

- Endingpart gives the functional class of
the primary functional group In the
molecule.

- The endinganeis used to designate
alkanes.
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PAC Names foAlkanes

IUPAC names for alkanes,
‘n=1to 10.

B TABLE 11.4 Mamesof alkanes

Humber of

carbon atoms e Taa [ ] ; Structure of the normal isomer

1 methane  CH,  CH,
2 athans CsH, CH,CH,
3 propane CiHs CH,CH,CH,
4 [ butane CaHiy CH,CH,CH.CH,
5 pantane CiHy CH.CH,CH,CH,CH,
8 hexane CaHs CH,CH,GH,GH,.CH.CH,
7 heplans CeHyy CHyCH.CHCHCH.CH,CH,
8 octane CeHin CHLCHCH,CH,CH,CH.CH,CH,
a nonang CuHay CHyCH,CH.CH.CH.CH.CH,CH,CH,
10 decans CioHe CHLCH.CH,CH.CH,CH,CH,CH,CH,CH,
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* <. IUPAC Names foAlkanes

c
& “ « Each IUPAC name comprises three
e

© ¢ components:

ey
¢* PPl — Root Ending
¢ o
S
e - Prefix part gives the identity, number, and
‘,‘; 1 location of atoms or groups of atoms that
' o® are attached to the longest carbon chain.
o ° Vv If there are no additional groups then no
Qs prefix is required.
0.0
0. =
(2
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JUPAC Names foAlkanes

 The names used to describe saturated
hydrocarbon groups are derived from
the corresponding name for the
corresponding alkane.
- The aneending is changed tgl.
- These groups are calleatkyl groups
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PAC Names foAlkanes

he names of the common alkyl groups:

W TABLE 11.5 Commaon syl groups

quire al Mams of
Alky| growp
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JUPAC Names foAlkanes

 |f more than one
of the same kind
of group is
present, Geek
prefixes are used
to indicate their
numbers:

University of Wisconsin-Eau Claire

Number Greek prefix

2 Di-

8 Tri-

4 Tetra-

5 Penta-

6 Hexa-

7 Hepta-

8 Octa-

9 Nona-
10 Deca-
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Physical properties dflkanes

6.
,“% + Melting and boiling points
& : : (-
B IPY - Intermolecular interactions with itself
e M
Q,‘- * Solubility
. e, - In water (a polar solvent)
e ¢ - In non-polar solvents
%
B A
o®
o ©
T o
0.0
° (%]
o
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ysical properties dflkanes

:mparing the polarity of methane
h water

Blue - positive
Red - negative

Methan (CH,) Green - neutral Water (H,0)
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hysical properties dlkanes

Melting and boiling points for alkanes

1 matann GH, - 1825 — 1840 055
2 whana CH/CH, — 103z — BB 5T
E peopane CH,CH,CH, = 180T 1 058
4 Ipalsra CHCH L G H, =1334 -5 (o]
5 PTIN CHCH,CHCHCH, —12ar 31 083
3 hexars CHCH, M CHGCH CH, 853 8] 028
7 Ivaprtan: CHCH CHE HCHCH G, Bog e nsa
L] nectane CH,CH CH T H, CH CH CH.CH, GELH 1257 .70
# nnans CHAHGH G HCH EH R G HCH, GAG 1608 o2
L darng CHCH, CH O HGCH CH CHCHCH, D, wor 1M1 [ |
— st i ool
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ysical properties dflkanes

oiling point chain length
ependence

8 & 4 5 @ T B 9 10 11 12 135 14 16 18
Mumber of carbon atoms
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