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Chemistry 343- Spring 2008

Chapter 2- Representative Carbon Compounds: Functional 
Groups, Intermolecular Forces and IR Spectroscopy

A. Hydrocarbons: Compounds composed of only C and H

Four Basic Types:
• Alkanes: contain single bonds (Cn H2n+2 ; if “cyclic” Cn H2n
• Alkenes: at least one C=C (Cn H2n , if only one C=C)
• Alkynes: at least one C   C (Cn H2n-2 , if only one C   C
• Aromatics: contain a special kind of ring with “conjugated” C=C’s 

(covered in Chapter 14)

Alkanes:

CH3CH2CH3CH3

butane C4H10

CH3CCH2CH2CH3

CH3

CH3

2,2-dimethylpentane C7H14
cyclopentane C5H10

(a cycloalkane)

Alkenes:
H3C

C C

CH2CH3

H H

cis-2-pentene C5H10

CH3CH2CH2CH2CH2CH2CHCH2

1-octene C8H16



28Alkynes:

C CHH3C C C CH2CH2CH3H3C

1-propyne C3H4 2-hexyne C6H10

Aromatics:
Systems consisting of rings of “conjugated” (joined together) C=C; 
gives rise to special properties that will be discussed later

Classic example: Benzene (C6 H6 )

C
C

C
C

C

C

H

H

H

H

H

H

Not all “aromatics” are hydrocarbons though… for example:

O
N

pyridine C5H5N furan C4H4O
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B. Other organic molecules

•Many other types of organics contain atoms besides C and H

•There are many ways in which such atoms are incormporated. 
Oxygen, nitrogen, sulfur and halogens (Group VII elements) are 
especially common

•Atoms other than C and H in organic molecules are generally 
referred to as “heteroatoms” (hetero- meaning (in this case) different 
from C and H. 

•Structural subunits that include specific arrangements of atoms are 
called “functional groups”

The presence (or absence), identity, and number of functional groups 
in a molecule influence it’s physical and chemical properties

For example: they can influence a molecules polarity (the 
distribution of e- through bonds within a molecule

For CH3 Cl, electronegativity difference between C-Cl polar 
bond(s) (assymetrical distribution of e-)        dipole(s)          dipole 
moment (separation of charge)

H3C Cl
δ-δ+

The presence of a significant dipole moment increases intermolecular 
interactions (interactions between molecules).  The + ends of dipoles 
are attracted to the – ends of others           this elevates boiling points, 
melting points (physical properties) and enhances chemical reactivity



30
In certain symmetrical molecules, dipoles of individual bonds cancel
(e.g., CO2 , CCl4 , etc.),          overall (net ) molecular dipole moment = 0

More importantly, these δ+ and δ- sites are important in reactions 
with other molecules

C. Important functional groups

1. Alkyl groups (= ‘R-groups’): examples

Example Name Abbrev.

CH3 methyl Me

CH2 CH3 ethyl Et

CH2 CH2 CH3 propyl or n-propyl Pr or n-Pr
CH(CH3 )2 isopropyl or 2-propyl i-Pr

Alkyl groups in general are often represented by the symbol ‘R’

2. Aryl groups: groups containing aromatic rings (typically benzene); 
examples:

HH

H
H

H

HH

H
CH3

H

phenyl p-tolyl
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3. Alkyl and Aryl halides: A halogen atom within an organic 
molecules is considered a functional group (Recall, halogens are 
located in Group VII of periodic table…most common: F, Cl, Br, I)

•Such molecules are categorized further depending on the number of 
other carbons attached to the halogenated carbon

Examples:

CH3CH2CH2Cl
H3C

CH
H3C

Br

CH3

C FH3C
CH2CH3

1-chloropropane 2-bromopropane 2-fluoro-2-methylbutane

A primary (1o) 
alkyl halide

A secondary (2o) 
alkyl halide

A tertiary (3o) 
alkyl halide

4. Alcohols: organic molcules containing an –OH (hydroxul) group; 
note the analogy to water

Examples:

CH3CH2CH2OH
H3CH2C

CH
H3C

OH

CH2CH3

C OHH3C
CH2CH3

1-propanol 2-butanol 3-methyl-3-pentanol

A primary (1o) 
alcohol

A secondary (2o) 
alcohol

A tertiary (3o) 
alcohol

Classification (1o vs 2o vs 3o) is analogous to that of alkyl halides
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5. Ethers: molecules containing a R-O-R (C-O-C) grouping; note the 
anaology to water and alcohols

•R-groups on either side of –O- can be same (symmetrical ethers) or 
different (asymmetrical ethers);

Examples:

CH3CH2OCH2CH3

ethoxyethane
(diethyl ether)

H3C O

anisole
(methylphenyl ether)

6. Amines: Molecules of the form R-NH2 , R2 NH, or R3 N; note the 
similarity in structure to ammonia

R-groups can be same or different; Examples:

CH3CH2CH2NH2 H3CH2C
NH

H3C

CH2CH3

NH3C
CH2CH3

propylamine N -methyl-N-ethylamine N-diethyl-N -methylamine

A primary (1o) 
amine

A secondary (2o) 
amine

A tertiary (3o) 
amine

Note that the classification in this case is based on the number of R- 
groups attached directly to the N-atom, as opposed to the 
classifications for alcohols and alkyl halides.



33Note that an N or O can be part of a ring, giving cyclic amines and 
ethers, respectively:

O N
H

N
CH3

A cyclic 
ether

A cyclic 
(2o) amine

A cyclic 
(3o) amine

It is also possible to have a “quaternary (4o) ammonium ion”, by 
analogy, NH4

+

N
CH2

CH3

CH3H3C

7. Carbonyl compounds

•A C=O group is known as a “carbonyl group”.  There are several 
types of functional groups that contain C=O

a. Aldehydes: R-CHO

H3C C
O

H

O

H
O

H

Ethanal 
(acetaldehyde) Benzaldehyde hexanal
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b. Ketones: R-(CO)-R; just like aldehydes except that there are 
two R-groups attached to C=O

H3C C
O

CH3

O

CH3
O

CH3

Acetone
Phenylmethyl 

ketone
2-hexanone

Molecules containing a carbonyl group attached to a second 
oxygen atom are considered “carboxyl” groups:

c. Carboxylic acids: R-COOH

H3C C
O

OH

O

OH OH

O

Ethanoic Acid
(Acetic Acid) Benzoic Acid Pentanoic acid

c. Esters: R-COOR

H3CH2C
C

OCH2CH3

O C
O OCH3

O

O

CH3

O O
Special case; cyclic esters called “lactones”
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e. Amides: R-CONH2 , R-CONHR, or R-CONR2

H3C C
O

NH2 H3C C
O

N
H

CH3 H3C C
O

N
CH3

CH3

NH

OO

NH2

1o amide 2o amide 3o amide

Special case; cyclic 
amides known as 
“lactams”

8. Nitriles: R-C   N

CH3CN

C N

There are other functional groups, but these are the most common

The presence of functional groups influences the physical 
properties of compounds as well as their reactivity

For example, compounds of similar size show some dramatic 
differences in melting and boiling points (table 2.4) and solubility 
caused by the presence of functional groups; directly related to 
intermolecular forces….
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D. Types of intermolecular forces: (Table 2.6)
1. Ionic

very strong; as in attraction for Na+ to six surrounding Cl- in a 
NaCl crystal- MP >1000oC!!

2. Dipole-dipole interactions: due to “charge separation” 
(electronegativity differences)

3. Ion-dipole interactions: e.g., “solvation” of ions

3. Hydrogen Bonding: a “special case” of dipole-dipole 
interactions (especially strong)

Note that each ROH molecule has one H-bond donor site (OH 
hydrogens) and two H-bond acceptor sites (lone pairs)

O
δ+ δ-

O
δ+ δ-

O
δ+ δ-

Li

O
HH

O
H H

O
H

H
O

H

Hδ+

δ-
δ+

δ-

δ+
δ-

δ+

δ-

O
R

H
δ+

δ-
R

O
H

δ-

δ+

O

H

R
δ+

δ-

H
O R

δ-

δ+
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5. Van der Waals forces: (London Forces) basically interactions 
between “induced dipoles”

Based on “polarizability” (how easy an atom or molecule 
undergoes charge separation) or atoms and molecules; These are 
“transient” dipoles (temporary, limited lifetimes)

An understanding of these forces is very important-

•Influence MP and BP (~intuitive)

•Influence molecular shape- key factors influencing funtion of 
biomolecules too (proteins, carbohydrates, nucleic acids, etc.)

•Influence solubility; hydrophobic vs. hydrophilic; “like dissolves 
like”; guidelines (solubility guidelines start on pg 76 of text)

For water solubility, organic compounds basically need 1 polar 
group (-OH, -NH2 , -COOH, etc.) for each 3 C’s; 4-5 C’s will be 
marginally soluble in H2 O; >6 C’s will be nearly insoluble.

CH3CH2OH CH3(CH2)3CH2OH CH3(CH2)8CH2OH

Soluble in 
H2 O

Intermediate 
(borderline H2 O sol.)

Insoluble in H2 O
(sol. in nonpolar solvents)
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Q: How do we know the structures of all of these compounds?

A: Several complementary techniques are used to gather 
information about structure

1. Mass spectrometry: determine mass and possibly formula 
(Ch. 9)

2. Nuclear Magnetic Resonance (NMR) (Spectroscopy): gives 
information about environment of each H and C (Ch. 9)

3. X-ray crystallography: can determine complete structure 
(only for crystalline substances)

4. Infrared (IR) Spectroscopy: helps to identify what functional 
groups are present in a molecule

5. Others: UV Spectroscopy, optical rotation, chemical and 
physical tests; all covered later

Among the simplest of these

E. IR Spectroscopy: 
•Usefulness: funtional group analysis (e.g., to detect C=O, C   C, 
C   N, OH, NH, and even C-O, and C=C can be detected)

•IR is an “old” technique; around since 1940’s, extensively 
studied
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1. Principle: The energies of most molecular vibrations fall within the
Infrared (IR) region of the electromagnetic spectrum (λ [wavelength]
between 2.5 and 16 μ)

Traditionally, these values are expressed in “wavenumbers” (ν) 
(a.k.a., 1/λ ; units are expressed in cm-1)

range is ~ 4000 to 625 cm-1

Functional groups and certain bond types have very characteristic 
vibrations frequencies

2. Procedure: obtain an “IR spectrum” (i.e. pass IR radiation 
through a sample immobilized inside a cell, and record the l’s of 
absorptions)- values can give us infor about the functional groups 
present

Sample may be in solid, liquid, or gas phase, or dissolved in 
solution

Simplified diagram of the ‘guts’ of an IR spectrophotometer
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3. Typical spectrum: is a plot of the percent of transmitted light 
(%T) vs. wavenumber value:

Lots of possible vibrational modes for bonds (bending, 
stretching, scissoring, wagging, twisting, etc.)           with any 
structural complexity at all, IR spectrum is typically 
convoluted! (See explanation on pg. 81 for vibrational modes)

We’re interest only in the most diagnostic absorptions

Most important vibration for us to analyze is the stretching 
(strongest & most diagnostic- λ

 

is related to bond strength). 
Can often pick these out of the mess

Typical “alkyl” absorptions are labeled above, but these are not 
very reliable or useful because all organic molecules have them 
!
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4. Most valuable absorptions:

a. Carbonyl C=O stretch: Subtle variations occur among types, 
but presence vs. absence of C=O is easy to tell ! (Presence of 
C=O is reflected in a very strong absorption band between 1650- 
1775 cm-1 or so)

Sometimes, these spectra are reported in “absorbance” format and/or 
“inverted”, but interpretation is the same:
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b. OH and NH stretch: (hydrogen bonded vs. non-hydrogen bonded)
The relevant regions of two different spectra of an alcohol- evidence 
of hydrogen bonding! (3200-3600 cm-1)

Dilute solution in 
nonpolar solvent

“Free OH”- little or no 
H-bonding

Conc. Solution; OH 
stretch broad!

Changes due to H-bonding

c. Triple-bond stretch: distinctive region (ca. 2100-2150 cm-1)

Note how these trends are consistent with ideas about bond strength
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d. Aromatic/ alkene C=C stretch Less useful; different C-H stretch 
(> 3000 cm-1) as well as C=C stretch (<1650 cm-1)

Even though the book labels other absorptions, items a-d cited in the 
previous pages are the only really important ones

Will be useful in CHEM 343
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