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Chapter 7

How Molecules Mix
THE MAIN IDEA

Molecules are “sticky.”

7.1 Dipole Attractions
7.2 Solutions
7.3 Concentration and the Mole
7.4 Solubility
7.5 How Soap Works
7.6 Softening Hard Water
7.7 Purifying Drinking Water

7.6 Softening Hard Water

Water containing large amounts of calcium and magnesium ions is said to 
be hard water, and it has many undesirable qualities. For example, when 
hard water is heated, its calcium and magnesium ions tend to bind with 
negatively charged ions also found in the water to form solid compounds, 
like those shown in Figure 7.26. These can clog water heaters and boilers. 
You’ll also find coatings of these calcium and magnesium compounds on 
the inside surfaces of a well-used tea kettle (because the solubility of these 
compounds decreases with increasing temperature, as discussed earlier).

Hard water also inhibits the cleansing actions of soaps and, to a lesser 
extent, detergents. The sodium ions of soap and detergent molecules carry 
a 1+ charge, and calcium and magnesium ions carry a 2+ charge (note their 
positions in the periodic table). The negatively charged portion of the polar 
head of a soap or detergent molecule is more attracted to the double positive 
charge of calcium and magnesium ions than to the single positive charge of 
sodium ions. Soap or detergent molecules, therefore, give up their sodium 
ions to bind selectively with calcium or magnesium ions.

Is the polar head of a soap 
molecule more attracted to 
calcium or sodium ions?

READING CHECK
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^  Figure 7.26

Hard water causes calcium and mag-
nesium compounds to build up on the 
surfaces of pipes and fixtures, especial-
ly those used to carry hot water.

Soap or detergent molecules bound to calcium or magnesium ions tend 
to be insoluble in water. As they come out of solution, they form a scum, 
which can appear as a ring around the inside of your bathtub. Because the 
soap or detergent molecules are tied up with calcium and magnesium ions, 
more soap or detergent must be added to maintain cleaning effectiveness.

Many detergents today contain sodium carbonate, Na2CO3, commonly 
known as washing soda. The calcium and magnesium ions in hard water are 
more attracted to the carbonate ion with its two negative charges than they 
are to a soap or detergent molecule with its single negative charge. With the 
calcium and magnesium ions bound to the carbonate ion, as shown in Figure 
7.27, the soap or detergent is free to do its job. Because it removes the ions 
that make water hard, sodium carbonate is known as a water-softening agent.

In some homes, the water is so hard that it must be passed through a 
water-softening unit. In a typical unit, illustrated in Figure 7.28, hard water 
is passed through a large tank filled with tiny beads of a water-insoluble 
resin known as an ion-exchange resin. The surface of the resin contains 
many negatively charged ions bound to positively charged sodium ions. As 
calcium and magnesium ions pass over the resin, they displace the sodium 
ions and thereby become bound to the resin. The calcium and magnesium 
ions are able to do this because their positive charge (2+) is greater than 
that of the sodium ions (1+). The calcium and magnesium ions therefore 
have a greater attraction for the negative sites on the resin. The net result is 
that for every one calcium or magnesium ion that binds, two sodium ions 
are set free. In this way, the resin exchanges ions. The water that exits from 
the unit is now free of calcium and magnesium ions, but it does contain 
sodium ions in their place.

Eventually, all the sites for calcium and magnesium on the resin are 
filled, and then the resin needs to be either discarded or recharged. It is 
recharged by flushing it with a concentrated solution of sodium chloride, 
NaCl. The abundant sodium ions displace the calcium and magnesium ions 
(ions are exchanged once again), freeing up the binding sites on the resin.

^  Figure  7.27

(a) Sodium carbonate is added to many detergents as a water-softening agent. (b) The doubly positive calcium and mag-
nesium ions of hard water preferentially bind with the doubly negative carbonate ion, freeing the detergent to do its job.

Most modern water softeners are 
equipped with meters that let you 
know the rate at which you con-
sume water. This is a great way to 
keep tabs on your water-conserva-
tion efforts.

FOR YOUR
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^  Figure  7.28

(1) Negatively charged sites on the unused ion-exchange resin are oc-
cupied by sodium ions. (2) As hard water passes over the resin, sodium 
ions are displaced by calcium and magnesium ions. (3) After the resin 
becomes saturated with calcium and magnesium ions, it is no longer ef-
fective at softening water.


