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13.6: Polarity and Properties

We saw in the previous section that molecules can be classified as polar or nonpolar, depending on the types of bonds present in the molecule
and its overall molecular geometry. The major difference between the two types of molecules was the presence of partially positive and partially
negative regions in the polar molecule. These charged regions will cause polar molecules to have very different properties than nonpolar
molecules.

Properties of Polar Molecules

Polar molecules tend to align themselves when placed in an electric field with the positive end of the molecule oriented toward the negative
plate and the negative end toward the positive plate (Figure 13.6.1). We can use an electrically charged object to attract polar molecules, but
nonpolar molecules are not attracted.
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Figure 13.6.1: (a) Molecules are always randomly distributed in the liquid state in the absence of an electric field. (b) When an electric field is
applied, polar molecules like HF will align to the dipoles with the field direction. (OpenStax CC-BY-SA)

In the same way that polar molecules are attracted to the positive and negative plates in an electric field, they can be attracted to the positive and
negative regions of neighboring polar molecules. Because of this, polar molecules tend to:

o have higher melting points than nonpolar molecules

o have higher boiling points than nonpolar molecules

¢ be more soluble in water (dissolve better) than nonpolar molecules
o have lower vapor pressures than nonpolar molecules

It should be noted that while molecules can be described as polar, this is often a relative term, with one molecule simply being more polar or
less polar than another.

Like Dissolves Like

A simple way to predict which compounds will dissolve in other compounds is the phrase "like dissolves like." What this means is that
substances comprised of nonpolar molecules tend to dissolve other substances comprised of nonpolar molecules. Substances comprised of polar
molecules tend to dissolve other substances comprised of polar molecules. In addition, substances comprised of highly polar molecules, like
water, often dissolve ionic compounds. Again, this can be loosely attributed to the presence or absence of charged regions in the molecule. Polar
molecules will be attracted to the charged regions in other polar molecules, causing them to interact with each other and form a solution. In
contrast, when polar and nonpolar molecules are mixed together, the lack of charged regions in the nonpolar molecules will cause the polar
molecules to only be attracted to themselves, excluding the nonpolar molecules and creating two distinct regions instead of a solution. When
two nonpolar molecules are mixed together, neither requires a charged region for attraction and they are thus able to mix freely and form a
solution.

Some substances comprised of nonpolar molecules will dissolve in water, but only to a limited degree. Have you ever wondered why fish are
able to breathe? Oxygen gas, a nonpolar molecule, dissolves to a small degree in water — it is this oxygen that the fish take in through their gills.
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The reason we can enjoy carbonated sodas is also due to a nonpolar compound that dissolves in water. 7-Up and all other sodas have carbon
dioxide gas, CO,, a nonpolar compound, dissolved in a sugar-water solution. In this case, to keep as much gas in solution as possible, the sodas
are kept under pressure.

This concept of "like dissolves like" is summarized in Table 13.6.1:

Table 13.6.1: Summary of Solubilities

Polarity of Solute Polarity of Solvent Dominant Intermolecular Force Is Solution Formed?

polar polar dipole-dipole force and/or

hydrogen bond yes

nonpolar nonpolar dispersion force yes

polar nonpolar not applicable no

nonpolar polar not applicable no
ionic polar ion-dipole usually

ionic nonpolar not applicable no

A more precise explanation for what makes a solute soluble in some solvents, but not others, lies in intermolecular interactions. The
intermolecular interactions include dispersion forces, dipole-dipole interactions, and hydrogen bonding (as described in the next section). From
experimental studies, it has been determined that if molecules of a solute experience similar intermolecular forces to the solvent, the solute will
likely dissolve in that solvent. So, NaCl, an ionic compound, dissolves in water since the ions are able to interact with the partially charged
regions of polar water molecules, but not in oil, which is generally nonpolar. Nonpolar wax dissolves in nonpolar hexane, but not in polar water.

Figure 13.6.2: Polar molecules of water (clear liquid) and nonpolar molecules of oil (yellow liquid) do not form liquid solutions. (CC BY-SA 1.0
Generic; Victor Blacus)

Example 13.6.1: Polar and Nonpolar Solvents

Would I2 be more soluble in CCl4 or H2O? Explain your answer. If necessary, manipulate their molecular models below.
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Solution

I is nonpolar. Of the two solvents, CCly is nonpolar and HyO is polar, so Ip would be expected to be more soluble in CCly.

“\. Exercise 13.6.1

Would HCI (see the molecular model below) be more soluble in CCl4 or HDO? Explain your answer.

Answer

HO, because HCI and H,O are both polar molecules. CCl, is a nonpolar molecule.

Example 13.6.2

Water is considered a polar solvent. Which substances should dissolve in water?
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A. methanol (CH30H), shown below
B. sodium sulfate (Nap;SOy)
C. octane (CgH1g), shown below

Solution
Because water is polar, substances that are polar or ionic will dissolve in it.

A. Because of the shape of the molecule and the polar —OH grouping in methanol, we expect its molecules to be polar and for it to be
soluble in water. As both water and methanol are liquids, the word miscible can be used in place of soluble.
B. Sodium sulfate is an ionic compound, so we expect it to be soluble in water.

C. Like other hydrocarbons, octane is nonpolar, so we expect that it would not be soluble in water.

“\. Exercise 13.6.2

Toluene, CgHsCH3s, (see the molecular model below) is widely used in industry as a nonpolar solvent. Which substances should dissolve in
toluene?

A. water (Hy0)
B. sodium sulfate (NapSOy4)
C. octane (CgH1g)
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Answer

Water (H,0) is polar, sodium sulfate (Na,SO,) is ionic, and octane (CgH;g) is nonpolar. Therefore, octane is the only substance that
should dissolve in toluene.

Summary

o Polar molecules tend to have higher melting points and boiling points than nonpolar molecules.
o “Like dissolves like” is a useful rule for deciding if a solute will be soluble in a solvent.
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