ORGANIC CHEMISTRY

EXPERIMENT

vaking Models of Some Carbon
compounds

The term structure in chemistry refers to the way in which the atoms of a mol-
ecule are joined together. Chemists can often predict the physical and chemi-
cal properties of a substance if its structure is known; hence, it is important to
find a way of representing that structure. In two dimensions, the most com-
mon representations are the electron-dot (Lewis) formula, in which all the
valence electrons of the atoms are shown, and the structural formula, in which
ponding pairs of electrons are shown by a single line and non-bonding elec-
trons are usually left out. These are useful up to a point, but as the molecules
get more complex it is important to show the three-dimensional nature of the
molecule. This is where ball-and-stick, ball-and-spring, or space-filling models
help in the visualization.

Substances having the same molecular formula but a different structural for-
mula are said to be isomers of one another; they are exhibiting isomerism. Two
categories will be considered here, structural isomers and geometric isomers.

Carbon compounds often give rise to a number of different structural iso-
mers because the carbon atoms can combine with each other in a variety of
ways, including chains and ring structures (cyclic compounds). For example,
the hydrocarbon butane, C,H,,, may exist with its four carbon atoms linked
in a straight chain of four or in a branched chain consisting of three carbons
ina row, with the fourth attached to the central carbon.
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Other types of structural isomers occur when the carbon skeleton is identi-
Ci.il, but the position of a functional group attaches to the carbon skeleton at
differen positions. Note the placement of the OH group in each of the fol-
lowing isomers of propanol:
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the two structural isomers may belong to two toty) "
classes of compounds, even though they l1aYc the same mo'lecular formu]eafent
a result they may have very different. phiysical and, cliemi i Propertjeg ‘F
example, the following two isomers s mol.e?ular formula CH,0 belong fr
two different classes of compound, one in which the oxygen a )

: : tom i attach
to a hydrogen atom (an alcohol) and one in which the oxygen js atach
between two carbon atoms (an ether):
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Geometric isomerism occurs in some molecules having at least one doyple
bond. The sequence for the atoms and bonds in the molecule is the same for
each isomer, but there is a different orientation of the atoms or groups
attached to the carbon atoms in the double bonds. Since rotation about a dou-
ble bond is restricted, the parts of the molecule on either side of the double
bond remain in fixed positions. In order to have this type of isomerism, each
carbon atom in the double bond must have two different groups attached to
it. The compound 1,2-dichloroethene exhibits this kind of isomerism:
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cis-1,2-dichloroethene trans-1,2-dichloroethene
(poth chlorines are on the same (the two chlorines are on opposite
side of the double bond) sides of the double bond)

Before doing this experiment, if necessary, refresh your memory as t0 the
number of bonding sites for each atom by referring back to Experiment 7
(Model Building With Covalent Molecules).

OBJECTIVES

1. to construct molecular models of some simple organic substances and t0
represent these structures with electron-dot and structural formuls

¢ substanc®

2. to construct molecular models
h Smlctura

illustrating different
formulas

of more complicated organi
types of isomers and represent them wit

SUPPLIES

Equipment
molecular mode] kit
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PROCEDURE

.o the type of molecular model kit your ins

Usméi construct models for each of the follo

::;{:bc;ok, draw the structural formula ang el
lecule.

:Omethane CH,

b. ethane C,Hg

c. propane C3Hg

tructor has made available
wing alkanes, Then, in your
ectron-dot formula for each

1.

5. Construct models for all structural isomers
'1owiﬂg compounds. Draw the structura] f
name them.
, a. butane C4H,,
v b. pentane CsH,,
¢. hexane C;H,,
d. cyclohexane C,H,,

you find for each of the fo)-
ormulas for a]] isomers and

3. Construct models for all structural isomers of butene, C
structural formulas for all isomers and then name them.
consider the possibility of geometric isomerism.

4Hg. Draw the
Remember to

4. Construct models for all structural isomers of propyne, C3H,, and

butyne, C4Hy. Draw the structural formulas for all isomers and then
name them.

5. Construct models for all structural isomers of hexanol, CgH,30H, which
have a straight chain of six carbon atom:s. Identify the position of the OH
group, draw the structural formulas for all isomers, and name them.

L)

Construct models for the following structural isomers which have the
same molecular formula, C,H4O. Observe how the different placement of
the oxygen atom makes a big difference to the structure. Draw the struc-
tural formula for each isomer.

a. ethanol C,H,OH

b. methoxymethane (dimethyl ether) CH;OCH,

POST LAB CONSIDERATIONS

Itcan be seen that
fthtures possible
Mtrodyce g that
%2 particyar stru
O the classes of ¢

ral f()rmula can
Nameg ¢

even with relatively simple molecules, there are often many
- The TUPAC system for naming organic compounds was
there would be no confusion as to the name of a compound
Cture. Your instructor will give you the rules you will need
ompounds you study. Once you know the rules, the struc-
be written from the name and vice versa. Many common
Nstan o' chemicals are in fact shortened versions of their IUPAC names. For
dic lore' h € Insecticide DDT takes its name from shortening the longe.r name
l°flger- Oldlph'enyltrichloroethane. (Actually the correct .IUPA.C name is even
Name ¢/ -bls(‘*'CthIOphenyl)-2,2,2-trichloroethane!) Likewise the common
Or the herbicige 2,4-dichlorophenoxyacetic acid is 2,4-D.
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EXPERIMENTAL RESULTS

this experiment may be recorded in tabje form_
- Vi,

observations in
Your prepare the table for Steps 2, 3, 4, and 5 jp dvay o
tructures there are for each substance " 25y

it will be difficult to
do not know how many s e

compound and then draw all of the structures you find for thas Compy =
NP0
g

ANALYSIS OF RESULTS e

1. How many isomers did you find for each of the following alkanep

a. methane
b. ethane
c. propane
d. butane
e. pentane
f. hexane

2. Can cyclopentane (CsH, ) be considered an isomer of pentane? Explan

3. Look at your structures for pentane. How many different molecules o=
be made of pentene, CsH,,, by replacing a C-C single bond with a CC
double bond? (Consider the possibility of geometric isomerism.)

FOLLOW-UP QUESTIONS

1. Look at the following four molecules, write the molecular formula fr
each one, and compare the formula. Assume a general hydrocarbon with
no double or triple bonds or ring structures has the formula ClHyor
Based on what you observed about the formulas of the four molecuks
give a set of rules that allow you to predict the number of hydroga
atoms involved in a general hydrocarbon when (a) one or more double

bonds is present, (b) one or more triple bonds is present, and (¢) one ™
more ring structures is present.
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CH, — cH, X CH, \CH:

2. Use a r © theV
eference source to research what trans fatty acids are, oW the

arise, a i ot
th » and what possible health risks may result from ingesting e
e reference source you use. -

e R
CONCLUSION N

Explain w}
1y there s
YRR b ucha huge number of organic compounds.
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