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Chapter 7

How Molecules Mix
THE MAIN IDEA

7.7 Purifying Drinking Water

As was discussed in Section 3.7, it is impossible to obtain 100 
percent pure water. However, we are able to purify water to 
meet our needs. We do this by taking advantage of the dif-
ferences in physical properties of water and the solutes or 
particulates it contains.

Water safe for drinking is said to be potable. In the 
United States, potable water is currently used for everything 
from cooking to flushing our toilets. The first step most public 
utilities take to produce potable water from natural sources 
is to remove any dirt particles or pathogens, such as bacteria. 
This is done by mixing the water with certain minerals, such 
as slaked lime and aluminum sulfate, which coagulate into a 
gelatinous material, that becomes interspersed throughout 
the water (Figure 7.29). This is done in a large settling basin. 
Slow stirring causes the gelatinous material to clump together 
and settle to the bottom of the basin. As these clumps form 
and settle, they carry with them many of the dirt particles and 
bacteria. The water is then filtered through sand and gravel. 
(Figure 7.30).

To improve the odor and flavor of the water, many treat-
ment facilities also aerate the water by cascading it through 
a column of air. Aeration removes many unpleasant-smelling 
volatile chemicals, such as sulfur compounds. At the same time, 
air dissolves into the water, giving it a better taste—without 
dissolved air, the water tastes flat. As a final step, the water is 
treated with a disinfectant, usually chlorine gas, Cl2, but some-
times ozone, O3, and then stored in a holding tank that feeds 
into the city mains.

Molecules are “sticky.”

7.1 Dipole Attractions
7.2 Solutions
7.3 Concentration and the Mole
7.4 Solubility
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7.7 Purifying Drinking Water

How do we purify our 
drinking water? 
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Developed countries have the technology and infra-
structure to produce vast quantities of water suitable for 
drinking—with the result that many citizens take their drink-
ing water for granted. The number of public water- treatment 
facilities in developing nations, however, is relatively small. In 
these locations, many people drink their water in the form of a 
hot beverage, such as tea, which is disinfected through boiling. 
Alternatively, disinfecting iodine tablets can be used.

Fuel for boiling and tablets for disinfecting, however, 
are not always avail- able. As a result, more than 400 people in 
the world (mostly children) die every hour from preventable 
diseases or infections such as cholera, typhoid fever, dysentery, 
and hepatitis, which they contract by drinking contaminated 
water. In response, several American manufacturers have devel-
oped tabletop systems that bathe water with pathogen-killing 
ultraviolet light. One prototype model, shown in Figure 7.31, 
disinfects 15 gallons per minute, weighs about 15 pounds, and 
is powered by photovoltaic solar cells, which permit it to run 
unsupervised in remote locations.

Aside from pathogens, untreated water from wells 
or rivers may contain toxic metals that seep into the water 
supply from natural geologic formations. Many of the wells 
in Bangladesh, for example, are made very deep to avoid the 
pathogens that run rampant in the surface waters of the region. 
The water obtained from these deep wells, however, is highly 
contaminated with arsenic— a naturally occurring element in 
the Earth’s crust. The arsenic is in the underlying rock, which 
formed from river sediments carried down from the Himalayas. 
Because this region is so densely populated, as many as 70 

^  Figure  7.29
Slaked lime, Ca(OH)2, and aluminum sulfate, Al2(SO4)3, react to form aluminum hydroxide, Al(OH)3, and calcium sulfate, 
CaSO4, which together form a gelatinous material.

^  Figure  7.30
To become safe for drinking, water 
is filtered through layers of sand, 
gravel, and charcoal as shown in 
this display. The water can then 
be aerated to help remove volatile 
impurities. As a final step, chlorine, 
Cl2, is sometimes added to fight 
against waterborne pathogens.
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<  Figure  7.31
Small-scale water-disin-
fecting units such as the 
one shown here hold 
great value in regions of 
the world where potable 
water is scarce.

million people may be subject to some level of arsenic poisoning, 
which manifests itself as skin lesions and a higher susceptibility to 
cancer. Low-cost methods for removing arsenic from well water are 
greatly needed, as are worldwide recognition of this problem and 
the political, economic, and social support to overcome it.

In 1908, Jersey City, New 
Jersey, became the first 
American city to begin chlo-
rinating its drinking water. 
By 1910, as disinfecting 
drinking water with chlorine 
became more widespread, 
the death rate from typhoid 
fever dropped from about 
100 to 20 lives per 100,000. 
By 1935, the death rate fell 
to three lives per 100,000. In 
1960, fewer than 20 persons 
in the entire United States 
died from typhoid fever.

FOR YOUR
INFORMATION

C O N C E P T   C H E C K
At a water-treatment facility, how does adding slaked lime and aluminum sulfate to water purify the 
water?

CHECK  YOUR  ANSWER   The water entering a water-treatment plant is usually a heterogeneous 
mixture containing suspended solids. Adding slaked lime and aluminum sulfate serves to capture 
these suspended solids, which then sink to the bottom, where they are easily removed.

Fresh Water Can Be Made from Salt Water
With the depletion of sources of natural fresh water in many regions, 
there has been growing interest in techniques for generating fresh 
water from the Earth’s far larger reserves of seawater or from brack-
ish (moderately salty) ground- water. Worldwide, desalination plants 
operate in about 120 countries. In many areas of the Caribbean, 
North Africa, and the Middle East, desalinized water is the main 
source of municipal supply (Figure 7.32).

The two primary methods of removing salts from seawater or 
brackish water are distillation and reverse osmosis. These techniques 
are also highly effective in removing a host of other contaminants, 
such as pathogens, fertilizers, and pesticides. Distillation and reverse 
osmosis, therefore, are also used to purify naturally occurring fresh 
water. Many popular brands of bottled water, for example, contain 
fresh water that has been treated either by distillation or by reverse 
osmosis.
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Distillation involves vaporizing water with heat and then condensing 
the vapors into purified liquid water (see Section 3.6). Earth’s desal-
inized water is produced using this technique. Because water has 
such a high heat of vaporization, however, this technique is energy 
intensive. Solar distillers avoid the burning of fuels, but they require 
about 1 square meter of surface area to produce 4 liters of fresh 
water per day, as shown in Figure 7.33. For a single home or a small 
village, this surface-area requirement may be easily accommodated.

For many regions, reverse osmosis is a preferable method 
of water desalination. In order to understand reverse osmosis, you 
must first understand osmosis. Osmosis involves a semipermeable 
membrane. A semi- permeable membrane contains submicrosco-
pic pores that allow the passage of water molecules but not of 
larger solute ions or solute molecules. When a body of fresh water 
is partitioned from a body of salt water by a semipermeable mem-
brane, water molecules pass from the fresh water into the salt water 
at a higher rate than from the salt water into the fresh water. The 

Figure 7.32 > 
Transforming sea water into 
fresh water, the Adelaide 
Desalination Plant of Australia 
has an operating capacity of 
300 million liters per day.

How is a pickle connected to 
bottled water?

CONNECTIONS
CHEMICAL

  Figure  7.33
These solar distillers are popular 
in the remote communities along 
the Texas–Mexico border, where 
the waters from the Rio Grande 
basin are saline and tainted by 
the runoff of agricultural chemi-
cals from upstream irrigation.

^
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reason for this is the presence of more water molecules along the 
fresh water face of the membrane than along the salt water face. 
The result is a net movement of fresh water into the body of salt 
water, as illustrated in Figure 7.34. This net flow of water across a 
semipermeable membrane into a more concentrated solution is 
called osmosis.

The result of osmosis is a buildup in volume of the salt water 
and a decrease in volume of the fresh water. These changes in 
volume, in turn, allow a buildup in pressure, called osmotic pressure. 
For the system in Figure 7.35a, osmotic pressure is the conse-
quence of the salt water’s greater height and, therefore, weight 
bearing onto the semipermeable membrane. As osmotic pressure 
builds, the rate at which water molecules are able to pass from the 
salt water into the fresh water increases. The water molecules in the 
salt water are literally being squeezed back across the membrane 
by the osmotic pressure. Eventually, the rates of water molecules 
passing in both directions across the membrane are the same, 
and the system reaches equilibrium, as shown in Figure 7.35b. 
If external pressure is applied to the salt water, even more water 
molecules are squeezed across the membrane from the salt water 
into the fresh water, as shown in Figure 7.35c. Water forced across 
a semipermeable membrane into a less concentrated solution is 
reverse osmosis. So, we see that reverse osmosis is a mechanism 
for generating fresh water from salt water.

Lack of clean drinking water 
is one of the world’s leading 
causes of death, especially 
among children in develop-
ing nations.

FOR YOUR
INFORMATION

<  Figure  7.34
Osmosis. The submicrosco-
pic pores of a semipermeable 
membrane allow only water 
molecules to pass. Because 
there are more water molecules 
along the fresh water face of 
the membrane than along the 
solution face, more water mol-
ecules are available to migrate 
into the solution than are avail-
able to migrate into the fresh 
water.
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C O N C E P T   C H E C K
Biological membranes, including cucumber membranes, are semipermeable. A cucumber shrivels 
to a smaller size when it is left in a solution of salt water. Is this an example of osmosis or of reverse 
osmosis?

CHECK  YOUR  ANSWER   No external pressure is involved, which rules out reverse osmosis. 
Instead, the shriveling of the cucumber tells us that the cucumber’s cells are losing water to 
the more concentrated salt water. This is osmosis, whereby water molecules migrate across a 
semipermeable membrane into regions of higher salt concentrations. If you were to add a few 
other ingredients to the solution, such as spices and the right kinds of microorganisms, you would 
have a pickle.

The osmotic pressure for seawater, however, is an astound-
ing 24.8 atmospheres (365 pounds per square inch). Generating 
pressures greater than this has its share of technical difficulties and 
is an energy-intensive process. Nonetheless, engineers have suc-
ceeded in building durable reverse osmosis units, shown in Figure 
7.36, that can be networked together to generate fresh water from 
seawater at rates of millions of gallons per day. Reverse osmosis 
desalination facilities treating brackish water, which require much 
lower external pressures, are proportionately more economical.

Figure 7.35 > 
(a) Osmosis results in a greater 
volume of salt water, which causes 
the pressure to increase on the salt 
side of the membrane.
(b) When the pressure on the salt side 
becomes high enough, equal num-
bers of water molecules pass in both 
directions.
(c) The application of external pres-
sure forces water molecules to pass 
from the salt water to the fresh water 
so that now the salt-to-fresh rate 
exceeds the fresh-to-salt rate.

Figure 7.36 > 
An industrial reverse osmosis unit 
consists of many semipermeable 
membranes packed around highly 
pressurized salt water. As desali-
nated water is pushed out one side, 
the remaining salt water, which is 
now even more concentrated, 
exits on the other side. A network 
of reverse osmosis units operating 
parallel to one another can produce 
enormous volumes of fresh water 
from salt water.
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Is Bottled Water Worth the Price?
In the United States, natural sources of fresh water are relatively 
plentiful, allowing utilities to sell fresh water at rates of a fraction of a 
penny per liter. Nonetheless, consumers are still willing to purchase 
bottled water at a price that is about 2,000 times as expensive than 
drinking it straight from the tap. In 2020, Americans spend about 
$16 billion on bottled water, which was up from about $4 billion 
in 2010.

Bottled water also comes with environmental costs. In the 
United States, billions of water bottles are discarded each year. Of 
these, only about 20 percent are recycled—the rest end up primarily 
in landfills. Over 50 million barrels of oil are burned each year to 
meet the market demand for bottled water in the United States 
alone. To put this into perspective, according to the Earth Policy 
Institute, the volume of oil needed to produce a single plastic bottle 
is about one-quarter the volume of the bottle.

In an effort to overcome the ecological negatives of bottled 
water and a hefty price tag compared to tap water, many bot-
tled-water marketers now focus on supposed peripheral benefits 
of their product. This includes the addition of dissolved oxygen, 
which, as was shown in Table 7.2, can be no more than 0.0083 g/L 
at room temperature. For comparison, a single breath of air con-
tains about 100 times the amount of molecular oxygen found in 
a half liter of “oxygenated” water. Furthermore, most of the gases 
accumulated in your gut simply pass out the opposite end from 
your mouth, assuming you don’t burp.

Worse still are claims of bottled water that contains “func-
tional” water in which the structure of water has been modified 
using undetectable “subtle energy” to make the water more nutri-
tious. Thank you for thinking critically about this assertion.

There is also water through which an electric current has 
been passed. The water companies claim that this creates two forms 
of water: alkaline and acidic. The alkaline water, they say, is good for 
you because it is “ionized, restructured, micro-clustered, activated, 
hydrogen–saturated, and oxidation–reduced.” These sorts of mis-
leading claims take advantage of the millions of people who don’t 
understand that modifying the structure of water, H2O, gives you 
something that is no longer water. Buyer beware! Water is H2O.  If it’s 
not H2O, it isn’t water. Note: In Chapter 11 we’ll be discussing what 
actually happens when an electric current passes through water.

Interestingly, about 25 percent of bottled water sold in the 
United States is simply municipal water that has been purified via 
reverse osmosis. Many homeowners are now discovering that rather 
than purchasing purified water, it is less expensive and more eco-
logically sound to install a small reverse osmosis unit in their own 
home. Simple carbon filters, such as BritaTM, are also highly effective 
at purifying water of nonpolar contaminants (Figure 7.37). For fun, 
carbonators can also be purchased so that you can have your very 
own soda fountain, as shown in Figure 7.38.

^ Figure 7.37  
An economical way to great 
tasting drinking water is to use a 
carbon-based filter. As the water 
passes through the filter many 
bad tasting chemical compounds 
are absorbed by the carbon, 
including chlorine.

^ Figure 7.38 
Carbonating your own water is not 
only fun but also cheaper and more 
ecologically sound than purchasing 
your soda from a store.


