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4.6: Molecular Formulas and Lewis Structures

&b Learning Objectives

e Understand the different ways to represent molecules.

There are many "universal languages" in the world. Musicians of every culture recognize music embodied in a series of notes on a
staff. This passage from a Bach cello suite could be played by any trained musician from any country, because there is an
agreement as to what the symbols on the page mean. In the same way, molecules are represented using symbols and a language that
all chemists agree upon.
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Figure 4.6.1 (Credit: J. S. Bach; Source: http://commons.wikimedia.org/wiki/File:Bach cello_harmony.JPG(opens in new
window); License: Public Domain)

Molecular Formulas

A molecular formula is a chemical formula of a molecular compound that shows the kinds and numbers of atoms present in a
molecule of the compound. Ammonia is a compound of nitrogen and hydrogen as shown below:
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The lack of a subscript on the N The subscript below the H symbol
symbol indicates that there is 1 indicates that there are 3 hydrogen
atom of nitrogen in a molecule atoms in a molecule of ammonia.

of ammonia.
Figure 4.6.2: The molecular formula for ammonia. (Credit: Joy Sheng; Source: CK-12 Foundation; License: CC BY-NC 3.0(opens
in new window))
Note from the example that there are some standard rules to follow in writing molecular formulas. The number of atoms of each
kind is indicated by a subscript following the atom. If there is only one atom, no number is written. If there is more than one atom
of a specific kind, the number is written as a subscript following the atom. We would not write N;H for ammonia, because that
would mean that there are three nitrogen atoms and one hydrogen atom in the molecule, which is incorrect.

Although it is useful for describing a molecule, the molecular formula does not tell us anything about the shape of the molecule,
where the different atoms are, or what kinds of bonds are formed. Structural formulas are much more useful to communicate
more detailed information about a molecule because they show which atoms are bonded to one another and, in some cases, the
approximate arrangement of the atoms in space. Knowing the structural formula of a compound enables chemists to create a three-
dimensional model, which provides information about how that compound will behave physically and chemically.

Figure 4.6.3 shows some of the different ways to portray the structure of a slightly more complex molecule: methanol. These
representations differ greatly in their information content. For example, the molecular formula for methanol (Figure 4.6.3a) gives
only the number of each kind of atom; writing methanol as CH,O tells nothing about its structure. In contrast, the structural
formula (Figure 4.6.3b) indicates how the atoms are connected, but it makes methanol look as if it is planar (which it is not). Both
the ball-and-stick model (part (c) in Figure 4.6.3) and the perspective drawing (Figure 4.6.3d) show the three-dimensional
structure of the molecule. The latter (also called a wedge-and-dash representation) is the easiest way to sketch the structure of a
molecule in three dimensions. It shows which atoms are above and below the plane of the paper by using wedges and dashes,
respectively; the central atom is always assumed to be in the plane of the paper. The space-filling model (part (e) in Figure 4.6.3)
illustrates the approximate relative sizes of the atoms in the molecule, but it does not show the bonds between the atoms. In
addition, in a space-filling model, atoms at the “front” of the molecule may obscure atoms at the “back.”
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Figure 4.6.3: Different Ways of Representing the Structure of a Molecule. (a) The molecular formula for methanol gives only the

number of each kind of atom present. (b) The structural formula shows which atoms are connected. (c) The ball-and-stick model

shows the atoms as spheres and the bonds as sticks. (d) A perspective drawing (also called a wedge-and-dash representation)

attempts to show the three-dimensional structure of the molecule. (e) The space-filling model shows the atoms in the molecule but

not the bonds. (f) The condensed structural formula is by far the easiest and most common way to represent a molecule.
Although a structural formula, a ball-and-stick model, a perspective drawing, and a space-filling model provide a significant
amount of information about the structure of a molecule, each requires time and effort. Consequently, chemists often use a
condensed structural formula (part (f) in Figure 4.6.3), which omits the lines representing bonds between atoms and simply lists the
atoms bonded to a given atom next to it. Multiple groups attached to the same atom are shown in parentheses, followed by a
subscript that indicates the number of such groups. For example, the condensed structural formula for methanol is CH30H, which
indicates that the molecule contains a CH3 unit that looks like a fragment of methane (CH4). Methanol can therefore be viewed
either as a methane molecule in which one hydrogen atom has been replaced by an —OH group or as a water molecule in which one
hydrogen atom has been replaced by a —CHj3 fragment. Because of their ease of use and information content, we use condensed
structural formulas for molecules throughout this text. Ball-and-stick models are used when needed to illustrate the three-
dimensional structure of molecules, and space-filling models are used only when it is necessary to visualize the relative sizes of
atoms or molecules to understand an important point.

v/ Example 4.6.1: Molecular Formulas

Write the molecular formula for each compound. The condensed structural formula is given.

a. Sulfur monochloride (also called disulfur dichloride) is a vile-smelling, corrosive yellow liquid used in the production of
synthetic rubber. Its condensed structural formula is CISSCI.

b. Ethylene glycol is the major ingredient in antifreeze. Its condensed structural formula is HOCH,CH,OH.

c. Trimethylamine is one of the substances responsible for the smell of spoiled fish. Its condensed structural formula is
(CH3);3N.

Given: condensed structural formula

Asked for: molecular formula

Strategy:

A. Identify every element in the condensed structural formula and then determine whether the compound is organic or
inorganic.

B. As appropriate, use either organic or inorganic convention to list the elements. Then add appropriate subscripts to indicate
the number of atoms of each element present in the molecular formula.

Solution:
The molecular formula lists the elements in the molecule and the number of atoms of each.

a. A Each molecule of sulfur monochloride has two sulfur atoms and two chlorine atoms. Because it does not contain mostly
carbon and hydrogen, it is an inorganic compound. B Sulfur lies to the left of chlorine in the periodic table, so it is written
first in the formula. Adding subscripts gives the molecular formula S,Cl5.

b. A Counting the atoms in ethylene glycol, we get six hydrogen atoms, two carbon atoms, and two oxygen atoms per
molecule. The compound consists mostly of carbon and hydrogen atoms, so it is organic. B As with all organic compounds,
C and H are written first in the molecular formula. Adding appropriate subscripts gives the molecular formula C,HgO5.
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c. A The condensed structural formula shows that trimethylamine contains three CHs units, so we have one nitrogen atom,
three carbon atoms, and nine hydrogen atoms per molecule. Because trimethylamine contains mostly carbon and hydrogen,
it is an organic compound. B According to the convention for organic compounds, C and H are written first, giving the
molecular formula C3HgN.

Trimethylamine

? Exercise 4.6.1: Molecular Formulas

Write the molecular formula for each molecule.

a. Chloroform, which was one of the first anesthetics and was used in many cough syrups until recently, contains one carbon
atom, one hydrogen atom, and three chlorine atoms. Its condensed structural formula is CHCI3.

b. Hydrazine is used as a propellant in the attitude jets of the space shuttle. Its condensed structural formula is H,NNH,.

c. Putrescine is a pungent-smelling compound first isolated from extracts of rotting meat. Its condensed structural formula is
H2NCH2CH2CH2CH2NH?2. This is often written as H,N(CH, ) ,NH, to indicate that there are four CH2 fragments linked
together.

Chloroform
Answer a
CHCI;
Answer b
NoHy
Answer ¢
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