. Solution?

Try This Scatiered Light

Sharpen Your Skills Designing
Experiments

Sclence at Home Passing Through
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What Makes a Mixture a Solution?

1. Put about 50 or 60 milliliters of water into - _'ﬁ’%&mk i @wea‘ R T i -
a plastic cup. Add a spoonful of pepper and - Observing What |s the: d|fference between _th c
stirwell. . . 3 two mixtures? What other mixtres have you

2. To a similar amount of water in a second cup, - ‘seen that are similar to. pepper and yyater7 That .-
add a spoonful of table salt.. Stir well. are s&mllar 1o table saltand water’/" '

3. Compare the appearance of the two mlxtures;_ _

DHEFBEDOBEOOLGEOB LY

"magine a hot summer day. You've been outdoors and now
you're really thirsty. A tall, cool glass of just plain water would
taste great. Or would it? Have you ever tasted distilled water?

It tastes flat. Distilled water is “plain water” To make it, you boil

% How does a solution differ
from other mixtures?

4 What happens to the

particles of a solute whena  tap water until it becomes water vapor. Then you cool the vapor
solution forms? and recollect it as a liquid. This process separates the water from
# How do solutes affect the dissolved materials that give it flavor.

freezing point and boiling

point of a solvent? Tap water is a mixture of pure water (H,0) and a variety of

Reading Tip As you read, list other substances, such as chloride, ﬂueride, and meFallic ioas.
the properties of solutions, Gases, such as oxygen and carbon dioxide, are also dissolved in
suspensions and colloids. water. As with all mixtures, the composition of tap water can
vary. The water coming out of the tap can differ from
one home to the next, across a town, or from state
to state. Tap water is an example of a kind of mix-
ture called a solution.

Solutions and Suspensions

What happens if you make a mixture of water and
pepper? Not much. No matter how much you stir
pepper and water, the two never really seem to
“mix.” When you stop stirring, you can still see
pepper flakes floating on the water’s surface and col-
lecting at the bottom of the cap. You could scoop
them out if you wanted to. Pepper and water make
a suspension. A suspension (suh SPEN shun) is a
mixture in which particles can be seen and easily
separated by settling or filtration. If you tasted the
pepper suspension, you might find that one mouth-
ful of it tastes more peppery than another mouthful.
Such a mixture is not evenly mixed.




On the other hand, if you stir table salt into water, the salt
disappears. Water and salt form a solution—a well-mixed mix-
ture. If you taste a salt solution, any sip tastes just as salty as the
next. Unlike a suspension, a solution has the same properties
throughout. Solutions and suspensions also differ in the size
of their particles and the way the parts of the mixtures can be
separated. Dissolved particles are much smaller than suspended
particles. They do not settle out of solution, and they pass
through a filter. However, salt can be separated from water by
boiling. Letting the water evaporate also works.

Sclvents and Solutes
All solutions have at least two parts: the solvent and one or more
solutes. The solvent is the part of a solution present in the largest

amount. It dissolves the other substances. A substance that is

present in a solution in a smaller amount and dissolved by the
solvent is a selute. In a solution of table salt and water, the sol-
vent 1§ water and the solute is salt.

Water as a Selvent In many common solutions, the solvent

1s water. Sugar in water, for example, is the starting solution for
flavored soft drinks. Adding food coloring gives the drink color.
Dissolving carbon dioxide gas in the mixture produces a soda.
Water dissolves so many substances that it is often called the
“universal solvent.”

reranine o Life depends on water solutions. Nutrients
used by plants are dissolved in water in the

soil. Sap is a solution that carries sugar to tree cells. Water is the
solvent in blood, saliva, and tears. Reactions in cells take place in
solution. To keep cells working, you must replace the water you
lose in sweat and urine—two other water solutions.

Figure 1 Clitter mixes with the
water when you shake the paper-

weight, but settles out later.

Classifying Are the glitter particles

in solution or in suspension?

Figure 2 \When air bubbles
are blown through a fish tank,
oxygen gas dissolves in the
water. Fish take in this oxygen
through their gills. Without
oxygen, the fish would die.
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Figure 3 Solutions can be made
from any combination of the three
states of matter.

Interpreting Tables In which of these
solutions is the solvent a substance
other than water?

Figure 4 Water molecules surround
and separate positive and negative
fons as an ionic solid dissolves.
Notice that sodium ions attract the
oxygen ends of the water molecules.

180

1 Antifreeze (ethylene glycol in water)

Solid Liquid Ocean water (sodium chloride and other
¢ compounds in water)

iz 2

Solutions Without Water Many solutions are made with
solvents other than water. For example, gasoline is a solution of
several different liquid fuels. You don’t even need a liquid solvent
to make solutions. A solution may be made of any combination of
gases, liquids, or solids.

Particles in a2 Solution

Why do solutes seem to disappear when you mix them with water?
If you had a microscope powerful enough to look at the particles
in the mixture, what would you see? Whenever a solution forms,
particles of the solute leave each other and become surrounded
by particles of the solvent.

lonic Solids in Water Figure 4 shows what happens when an
ionic solid mixes with water. The positive and negative ions are
attracted to polar water molecules. Water molecules surround
each ion as it leaves the surface of the crystal. As each layer of the
solid is exposed, more ions can dissolve. '




Molecular Solids in Water Not every substance breaks into
ions when it dissolves in water. A molecular solid, such as sugar,
breaks up into individual neutral molecules. The polar water mol-
ecules attract the slightly polar sugar molecules. This causes the
sugar molecules to move away from each other. But covalent
bonds within the molecules are not broken. Like ions, the sugar
molecules become surrounded by water.

Solutions and Conductivity You have a water solution, but
you don’t know if the solute is salt or sugar. How could you use
what you know about particles to find out? (Remember, a smart
scientist never tastes cheinicals!) Think about what you learned
about the electrical conductivity of compounds. A solution of
ionic compounds in water conducts electricity, but a water solu-
tion of molecular compounds may not. You could test the con-
ductivity of the solution. If no ions were present (as in a sugar
solution), electricity would not flow.

w @éecéﬁew How do ionic and molecular solids differ from each

other in solution?

Colloids
Have you ever made a gelatin dessert? To do so, you stir powdered
gelatin in hot water until the two substances are uniformly mixed.
The liquid looks like a solution, but it’s not. It isn’t a suspension
either. Gelatin is a colloid. A colloid (kaH1 oyd) is a mixture with
small undissolved particles that do not settle out. A colloid has
properties that differ from both solutions and suspensions.
Solutions and colloids differ in the size of their particles and
how they affect the path of light. Unlike a solution, a colloid con-
tains particles large enough to scatter a light beam. These parti-
cles, however, are not as large as those in a suspension. Other
colloids include mayonnaise, shaving cream, and whipped cream.

| S@:tﬂtteaaé Light
_Ftnd out how &

.:fh'f;e:’ring -What evidehc

a beam of

SR mL of a gelatl
~and water mixture into a
small, c!ean glass beaker
"orjar S e
2. Simllar!y, pour the same
“‘amount of a saltwater . -'
'solutlon inta anather clean
~beaker or jar that is about "
~the same size. .

_Compare the appearanc

-:_ge!atm Re '__ea"' i
~_.:saltwater' Iu

you gelatin isa col|0|d7

Figure 5 Milk bought in most
grocery stores is a colloid. It has
been processed to make the
particles of water, proteins, and
fats small enough to remain
uniformly mixed.
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Effects of Solutes on Solutions

Have you ever made ice cream? First you mix cream, sugar, and
other ingredients. Then you freeze the mixture by packing it in
ice and water. But ice water by itself is not'cold enough to do the
job. Cream freezes at a temperature lower than the freezing point
of water (0°C). Adding rock salt to the ice water creates a mixture
that is several degrees cooler. This salt-ice-water mixture is cold
enough to freeze the cream. Mmm!

Salt can affect boiling, too. When cooking spaghetti, people
often add table salt to the water. As a result, the water boils at a
temperature higher than 100°C, the boiling point of pure water.
One small spoonful of salt in a liter of water will raise the boiling
point about 0.25°C. A few large spoonfuls of salt in a liter of water
could increase the boiling temperature by about 0.5 degrees. This
change will cause the spaghetti to cook slightly faster.

Why does salt make cold water colder when it freezes and hot
water hotter when it boils? The answer to both parts of this ques-
tion depends on solute particles.

Besigning Experiments
“How: does the :
mass of.a =
“solute atfect :
the boiling temperature' of :
Water'? De5|gn_ n experlment
“using a solute, water,a "
“balance, a'hot plate and a
-_’thermometer. : ' =
- What vaﬂab!es should YEEon
‘remain‘constant in your .
' experlment? What'is the -
“manipulated vanable?_Wha
__'WIII be the responding

Lower Freezing Points Solutes lower the freezing point of
a solvent. When liquid water freezes, the movement of mole- _ |
cules slows considerably. Instead, they form crystals of solid ice. B
Look at Figure 6 to compare the particles in pure water with f
those in a saltwater solution. Notice that pure water is made only
of water molecules. In the salt solution, solute particles are
present, too. In fact, they’re in the way. The solute particles make
it harder for the water molecules to form crystals. The tempera-

Figure 6 The freezing point and ture must drop lower than 0°C for a solid to form.
boiling point of water are affected '

by solute particles, which interfere

with changes in state.

With approval from:your
.j-'_;teacher do the:exper
E Report on "d_

- Pure liquid water Ice Salt water
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Higher Boiling Points Solutes
raise the boiling point of a solvent.
To see why this happens, think about
what you learned in Chapter 2 about
vaporization. As a liquid evaporates,
molecules from its surface leave the
liquid and enter the air above. If the
temperature goes up, more evapora-
tion takes place. When the tempera-
ture is high enough, bubbles of gas
actually form within the liquid. That
is, you see the liquid boil. Now, sup-
pose you add solute particles to the
liquid. The more solute particles
added, the fewer solvent molecules there are exposed to the sur- ~ Figure 7 The coolant in a car
face. So fewer escape to the air. As a result, the temperature must ;f‘d'a.“’.r s a solution.

g ) ) redicting On a very cold day, what
go higher for the solution to boil. In the case of water, that would gt happen to a car that had only
be higher than 100°C. water in the radiator?
¢ Car manufacturers make use of the etfects
- of solutes to protect engines from heat and
cold. The coolant in a car radiator is a solution of water and
another liquid called antifreeze, Often the antifreeze is ethylene
glycol, which freezes at —13°C and boils at 197°C. The mixture
of the two liquids has a lower freezing point and higher boiling
point than water alone. This solution can absorb more of the
heat given off by the running engine. Risk of damage to the car
from overheating is greatly reduced. So is the risk of damage
from freezing in very cold weather.

"'-a;
LTI
LT TN
: res

your family, mix

1. List three ways to tell the difference between a

solution and a suspension.
2. Describe what happens to the molecules of a
solid, such as a sugar cube, when it dissolves in

3. Why does salt sprinkied on icy roads cause the
ice to melt?

4. Thinking Critically Relating Cause and -
Effect Why is the temperature needed to
freeze ocean water lower than the temperature
needed to freeze the surface of a freshwater lake?

water. How does the process differ for an ionic -;’?"é a_fa_mu

compound, such as table salt? d'lo the sugar.
Ight: Explain
etween -
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o Bees E# msmive?
1. Put on your safety goggles

plastic cup. Add about 50 ml of water and
~ stir. Observe whether or not the soap ﬂakes
- dissolve i in the water : -

other solids and liquids, such as chalk dust,
baking soda, powdered sugar, hand cream,
vegetable oil, vinegar, and apple juice. -

REPBSOCGCROOEEREBGGRETOGR

% How is concentration
measured?

€ What factors affect the

2. Put half a spoonful of soapﬂakes into a smaII e

3. 'CIean out the cup Repeat the test for a few.

; _!lqmd) of a substance affect whether or. not |t L
: -dlssolves in Water7 Explaln o

4 Classﬁy the |tems you tested into two,

9 groups: those that dissolved in water ea$1ly
and those that dld not dlssolve ea51ly

o ;ﬁm&ﬁi i @weﬁ' o

' Drawmg Conciusmm Based on your

abservations, does the physical state (sohd or’

uppose you make two cups of hot herbal tea for yourself
and a friend. Your friend likes the tea “weak” and asks you
to leave the tea bag in the cup for only fifteen seconds. You
put another tea bag in your cup for a few minutes. When you're

- solubility of a substance? done, the tea in your cup is darker than the tea in your friend’s

Reading Tip As you read,

cup. The cups may hold the same amount of liquid, but logic

make a list of questions you tells you that your cup holds more “tea.”

would ask in order to review
the ideas of this section.

Concentration

The two cups of tea differ in their concentrations. That is, they
differ in the amount of solute (tea} dissolved in a certain amount
of solvent (water)}. Chemists describe the first mixture as a dilute
solution because only a little solute is dissolved in the water. By
comparison, the darker tea is a concentrated solution because
it has more solute dissolved in the water.

Figure 8 “Weak” tea is a dilute
solution—one that actually contains
several solutes that make up tea.
“Strong” tea is a more concentrated
solution of the same substances.
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Figure 9 The sap (a) from sugar maple
trees has almost no flavor. Much of the
water must be boiled away (I} to produce
the thick, sweet syrup people pour on
pancakes {c}.

You can change the concentration of a solution by
adding more solute. You can also change the concentration
by adding or removing solvent, For example, fruit juices are
sometimes packaged and sold as concentrates. When you
add water, you make a more dilute solution. You replace the
water that was removed to make the concentrate.

feasuring Concentraiion

You know that one solution in Figure 8 contains more
concentrated tea than the other. But you do not know
the actual concentration of either solution. To measure
concentration, you compare the amount of solute to the
amount of solvent or to the total amount of solution.
Often, the method used to describe concentration depends
on the type of solution. You can measure the mass of a solute
or solvent in grams. You can measure the volume of a solute
or solvent in milliliters or liters. You can report concentration
as the percent of solute in solution by volume or mass.

m/ @éeeépdmz How do a dilute solution and a concentrated

solution made from the same solute and solvent differ?

Rubbing alcohol sold in grocery stores is a mixture of isopropyl l
alcohol and water. The concentration of a 473.0-ml. sample is 70% !
alcohol by volume Flnd the volume of alcohot in the solutlon =

Analyze.  If the solution is 70% alcohol, then 70% of 473.0 mL s alcohol.
Written as a decimal, 70% is equal to 0.70, or 0.7.

Write the equation.  volume of alcohol = 0.7 x volume of solution
Substitute and solve.  7mlL = 0.7x 473 mL = 331.1 mL

Think about it.  Check your answer by calculating the volume of water in the sample ‘.
(30% of 473.0 mL) Your two answers should add up to 473.0 mL. |

= Fl

Practice Problems 'I The concentratlon of hydrogen perox1de in stores is 3% by
volume in a water solution. How many milliliters of hydrogen
peroxide are there in a 237-ml sample?

2. You dilute a 60-mL can of frozen grape juice concentrate with
enough water to make a total of 240 mL. What is the concentra-
tion of juice in percent by volume in the final mixture?
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Figure 10 Each compound listed
in the table dissolves in water, but
they have different solubilities.
Comparing and Contrasting

Which compound is the most soluble?
Which is the least soluble?

Table salt (NaCl) |

Carbon dioxide
(COy)

0.348

Figure 11 You would need far

less baking soda than sugar to get
a saturated solution in 100 grams
of water at 0°C,
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Solubility

If a substance dissolves in water, a question you might ask is,
“How well does it dissolve?” Suppose you add sugar to a glass of
iced tea. You could add half a spoonful to make the tea taste
slightly sweet. Or, you could add two spoonfuls to make it
sweeter. Is there a limit to how “sweet” you can make the tea?
The answer is yes. At the temperature of iced tea, several
spoonfuls of sugar are about all you can add. At some point, no
matter how much you stir the tea, no more sugar will dissolve.
Solubility is a measure of how well a solute can dissolve in a
solvent at a given temperature.

Saturated and Unsaturated Solutions When no more sugar
dissolves in the tea, you have a saturated solution. A saturated
solution contains as much dissolved solute as possible at a given
temperature. Adding more sugar to a saturated solution of iced
tea does not change the concentration of sugar in the solution.
The extra sugar just settles to the bottom of the glass. If, however,
the sugar you add continues to dissolve, you have an unsaturated
solution. An unsaturated solution does not hold as much of a
solute as s possible at the given temperature.

Working with Solubility The solubility of a substance tells
you how much solute you can add before a solution becomes
saturated. Solubility is given for a specific solvent (such as water)
under certain conditions (such as temperature). Look at Figure
10. It compares the solubility of some familiar compounds. In
this case, the solvent is water and the temperature is 0°C. From
the table, you can see that 6.9 grams of baking soda will dissolve
in 100 grams of water at 0°C. But the same mass of water at the
same temperature will dissolve 180 grams of table sugar!




Solubility is a characteristic property of a compound. As
with properties such as density and boiling point, you can use
solubility to help identify a compound. Suppose you had a white
powder that looked like table salt or sugar. You don’t know for
sure that the powder is salt or sugar. And you wouldn’t use taste
to identify it. Instead, you could measure its solubility in water
at 0°C and compare the results to the data in Figure 10.

EE{ Chicelpocnt Why doesn’t solute added to a saturated solution

dissolve?

Changing Solubility

Which holds more sugar: iced tea or hot tea? You have already
read that there is a limit on solubility. An iced tea and sugar
solution quickly becomes saturated. Yet a hot, steaming cup of
the same tea can hold much more sugar before the limit is
reached. Later, if the solution is cooled, the solubility of sugar
decreases. Sugar crystals may form. The solubilities of sugar and
other solutes change when conditions change. Among the
factors that affect the solubility of a substance are temperature,
pressure, and type of solvent.

Temperature For most solids, solubility increases as the tem-
perature increases. That is why the temperature is reported
when solubilities are listed. For example, the solubility of table
sugar in 100 grams of water changes from 180 grams at 0°C to
231 grams at 25°C to 487 grams at 100°C. |

Cooks use this increased solubility of sugar when they make
desserts such as hard candy, fudge, or peanut brittle. To make
peanut brittle, you start with a mixture of sugar, corn syrup, and
water. At room temperature, not enough of the required sugar
can dissolve in the water. The mixture must be heated until it
begins to boil. Nuts and other ingredients are added before the
mixture cools. Some recipes call for temperatures above 100°C.,
Because the exact temperature can affect the result, cooks use a
candy thermometer to check the temperature.

_ of water at different temper-=
“atures. Use the data to. make .~
a graph Label the horizontal -

Graphing = 5.
The table - Gaaatits
"below shows how many e
‘grams of potassium. nitrate -
(KNO3) can dissolve in 100 gj_‘ E

axis. Temperature ‘and the =
.'vertlcal axis. Solubrhty

:'Temperature

: Soiublhty e

‘What does the graph show?

Figure 12 Hard candies are made
by cooling a sugar-water solution to
which different flavors and colorings
are added.
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Figure T3 Has this
ever happened to you?
Opening a bottle of
soda water can
sometimes produce
quite a spray as
dissolved gas comes
out of solution,
Relating Cause and
Effect Why does more
gas escape from g warm
bottle of soda water
than from a cold bottle?

Figure 14 Divers mus
of their depth and the
pressure, When ascend

t keep track
effects of
ing, they

must rise no faster than 18 meters
per minute to avoid “the bends.”
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When heated, a solution can hold more solute than it can at
cooler temperatures. If you allow a heated, saturated solution to
cool slowly, sometimes the extra solute will remain dissolved. A
supersaturated solution has more dissolved solute than is pre-
dicted by its solubility at the given temperature. If you disturb
a supersaturated solution by dropping in a crystal of the solute,
the extra solute will come out of solution.

Unlike most solids, gases become less soluble when the tem-
perature goes up. For example, more carbon dioxide will dis-
solve in cold water than in hot water. Carbon dioxide makes
soda water fizzy when you pour it into a glass. If you open a
warm bottle of soda water, carbon dioxide escapes the liquid in
greater amounts than if the soda water had been chilled. Why
does warm soda taste “flat”? It contains less gas. If you like soda
water that’s very fizzy, open it when it’s cold!

Pressure Pressure affects the solubility of gases. The higher the
pressure, the more gas can dissolve. To increase the carbon diox-
ide concentration in soft drinks, the gas is added under high
pressure. Opening a bottle or can reduces the pressure. Even
with a cold drink, you hear the sound of the gas escaping.

Scuba divers are aware of the effect of pressure on gases. Air
is 80 percent nitrogen. When divers breathe from tanks of com-
pressed air, nitrogen from the air dissolves in their blood in -
greater amounts as they descend. This occurs because the pres-
sure underwater increases with depth. If the divers return to the
surface too quickly, nitrogen bubbles come out of solution and
block blood flow. Divers double over in pain, which is why this
condition is sometimes called “the bends.”




$olvents If you've ever shaken a bottle of salad dressing,
you've seen how quickly water and oil separate. (The vinegar in
salad dressing is mostly water.) Oil and water separate because
water is polar and oil is nonpolar. Polar compounds and non-
polar compounds do not mix very well. For liquid solutions,
the solvent affects how well a solute dissolves. The expression
“like dissolves like” gives you a clue to which solutes are solu-
ble in which solvents. Ionic and polar compounds usually dis-
solve in polar solvents. Nonpolar compounds do not usually
dissolve in polar solvents. If you work with paints, you know
that water-based (latex)} paints can be cleaned up with just soap
and water. But cleaning up oil-based paints may require a non-
polar solvent, such as turpentine.

types of vitamins. Vitamins A, D, E, and K are soluble in fatand
can be stored in your body. All the other vitamins, including
vitamin C, are soluble in water. Water-soluble vitamins are not
stored by your body. They are removed with waste products and

must be replaced each day. ,
~ Sometimes vitamins are added to foods. For example, milk

Figure 15 This house painter
must clean her used brushes with a
solvent that will dissolve the paint.
Applying Concepts What is one
factor that helps her determine the
kind of brush cleaner to use?

often contains extra vitamin D. If you eat lots of vegetables and .

fruits, you probably get enough vitamins to stay healthy. People
who take vitamin pills need to consider the total amount of vit-
amins they get from all sources. Believe it or not, too much of
a vitamin, especially vitamins A or D, can be almost as harmful

as too little.

1. What quantities are compared when the : Make a saturated s i your family,
concentration of a solution is calculated? i ‘water. Add one Smguunon of ba.kfng-soda in
2. Why would an ionic compound be more likely : S0da to aboyt 250 m-LSP?O_ﬂfuJ of bakin
to dissolve in water than in oil? i untif the baking soda dis- CIOOP water. Stjr
3. How does a saturated solution differ from an : adding baking soda in thl? neontinue
unsaturated solution? E”OFE C_i_is$o!ves._Keep track ;’;iﬂﬂer until no
4, Thinking Critically Relating Cause and 1 2aKIng soda you yse. Th ow.much
:to - en ask vo
L pred:ct_what would your fa_mdy

Effect When you heat tap water on the
stove, you can see tiny bubbles of oxygen
form. They rise to the surface long before the
water begins to boil. Explain what causes
these bubbles to appear.

: first test.

: and Compare the results
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1._ >9) Use a plastic dropper to put a
4G2) drop of lemon juice on a clean
plece of red litmus paper. Put another drop on 3. Wash your hands when you are flmshed
a clean piece of blue litmus paper. Observe,
2. Rinse your dropper with water. Then test ~ ° T!‘nmﬁ( Ii‘ @ver

other substances the same way. You might Ciasﬂfymg Grou the substances based on
test orange juice, ammonia cleaner, tap water, .- how they’ make the litmus paper change colo
vinegar, and solutions of soap, baking soda, Do you notice any other properties that the
and table salt. Record all your observations. - items in each group have in commorl?

Uﬂttl.lﬂﬁ_ﬁﬁﬂﬂ-ﬂﬁﬂﬁ.GOGGOQG‘

id you have any fruit for breakfast today—perhaps an
jorange, an apple, or fruit juice? If so, an acid was part of
your meal. The last time you washed your hair, did you
use shampoo? If your answer is yes, then you may have used a base.

% What properties can you use
to identify acids?

% What properties can you use

to identify bases? You use many products that contain acids and bases.
Reading Tip Before youread,  Manufacturers, farmers, and builders depend on acids and bases
preview Exploring Uses of Acids in their work. The chemical reactions of acids and bases even
and Exploring Uses of Bases. List el . 2
examples of acids and bases keep you ahv.e. What are a(:lds apd bases? How do they react, and
you are already familiar with. what are their uses? In this section you will start to find out.

Properties of Acids

What is an acid and how do you know when you have one? Test
its properties. Acids are compounds that share characteristic
properties in the kinds of reactions they undergo. An acidisa
substance that tastes sour, reacts with metals and carbonates,
and turns blue litmus paper red. -

Sour Taste If you've ever tasted a lemon, you've had firsthand
experience with the sour taste of acids. Can you think of other
foods that sometimes taste sour, or tart? Citrus fruits—Ilemons,
grapefruits, oranges, and limes-—are acidic. They all contain
citric acid. Other fruits (cherries, tomatoes, apples) contain
acids also, The vinegar used in salad dressing is made from
a solution of water and acetic acid. Tea is acidic, too. So
is spoiled milk, but you might not want to drink it!

Figure 16 A sour taste often means that food is acidic.




Although sour taste is a characteristic of many acids, it is not
one you should use to identify a compound as an acid. Scientists
never taste chemicals in order to identify them. Though acids in
sour foods may be safe to eat, many other acids are not.

Reactions With Metals Do vou notice bubbles i Figure 18?

Acids react with certain metals to produce hydrogen gas. Not all

metals react this way, but magnesium, zinc, and iron do. When they

react, the metals seein to disappear in the solution. This observa-

tion is one reason acids are described as corrosive, meaning they

“eat away” at other materials. : ;
‘treerarme The metal plate in Figure 18 is being ctched Figure 17 The fable lists the

names and formulas of some
Teemoiocy  with acid. Etching is one method of making  .gmmon acids. -

prlntlng plates that are then used to print works of art on paper.

To make an etching, an artist first coats a metal plate with an acid-

resistant material—often beeswax. Then the design is cut into the

beeswax with a sharp tool, exposing some of the metal.

When the plate is treated with acid, the acid eats away

the design in the exposed metal. Later, ink

applied to the plate collects in the grooves

made by the acid. The ink is transferred to

the paper when the etching is printed.

Figure 18 Metal etching takes
advantage of the reaction of an acid
with a metal. Lines are cut in the
wax coating on the plate. Here,
hydrochloric acid eats away at the
exposed zinc-metal, forming
bubbles you can see in the close-up.
Applying Concepts What gas forms
in this reaction?
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Reactions With Carbonates Acids also react with carbonate
ions in a characteristic way. Carbonate ions contain carbon and
oxygen atoms bonded together. They carry an overall negative
charge (CO5%7). When acids react with carbonate compounds, a
gas forms. In thlS case, the gas is carbon dioxide.

¢t Geologists, scientists who study Earth, use
| Earmn SaEnce  the reaction of acids with carbonates to
identify limestone. Limestone is made of calcium carbonate
(CaCO3). If a dilute solution of hydrochloric acid (HCI) is
poured on a limestone rock, bubbles of carbon dioxide appear.
Look at the equation for this reaction.

2 HCl + CaC0s = CaCly + CO, + H,0

acid, but gold does no . . .
gold corrades, while the vaiue.” Many forms of limestone come from organisms that live in

and quallty Of real go[d are " the ocean. Coral rock, for example, comes from coral reefs. These
: are large structures made of the skeletons of millions of tiny sea
™ animals that produce an outer layer of calcium carbonate.
EARAAS A At Ad ~ Another kind of limestone is chalk. It forms from the hard parts
) Write’abddt'a'ti_""_ : of microscopic sea animals deposited in layers on the sea floor.
someone. )’O_U'k' W we - In time, the layers are pressed together and harden into chalk.

Reactions With Indicators If you did the Discover activity,
you used litmus paper to test several substances. Litmus is an
example of an indicator, a compound that changes color when
in contact with an acid or a base. Vinegar and lemon juice turn

: -sxtuat|0n7 v
from it abo
‘other person

""" o blue litmus paper red. In fact, acids always turn litmus paper red.
Sometimes chemists use other indicators to test for acids, but
litmus is one of the easiest to use.

of Checkpaint What is the purpose of using an indicator?

Flgure 192 Hydrangea flowers are
natural indicators. They may range
in color from bright pink to blue,
depending on the acidity of the sail
in which the bush grows.
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cids play important roles in the chemistry of
living things. Acids also are used to make valuable

products for homes, farms, and industries. Acids in the body
Acids are useful in
Acids and food the body and are

also waste products

Many of the v:tamms in the foods
of cell processes.

you eat are aC|dS

Acid in the stomach helps to 4
digest protein.

During exercise, lactic
acid builds up in hard-
working muscles.

Oranges and o
tomatoes contain  Folic acid, needed

ascorbic acid, or ~ for healthy cell

vitamin C. growth, is found
in green leafy edc very d;fferently A
vegetabies. c ntra_ted acid can burn

hole'in metal c.'oth skin,.
nd ¢ her materra/s

Acids in the home
People often use dilute solutions of
acids to clean brick and other surfaces.
Hardware stores sell muriatic
{hydrochlaric) acid, which is used to
clean bricks and metals.

Acids and industry
Farmers and manufacturers
s:for. many uses.

T ey
YU g

crops, lawns, an
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ses of Bases

he reactions of bases make them valuable raw
materials for a range of products.

Bases and food

Baking soda reacts with acids to produce carbon
dioxide gas in baked goods. Without these gas
bubbles, this.delicious variety.of breads, biscuits,
. cakes, and cookles would not”’

In solutron bases sometimes
fook like water, or they 1ay
be cloudy white. Some:
bases can burn your skin.

Bases and heaith
Bases such as milk of
magnesia (magnesium
hydroxide} and calcium
carbonate help ease effects

Bases in the home
Ammonia solutions
are safe to spray
with bare hands,
but gloves must
be worn when

warking with
drain cleaners,

with ammonia.

Bases and industry

Mortar and cement are manufactured
using the bases calcium oxide and
calcium hydroxide. Gardeners
sometimes add calcium oxide to soil to
make the soil less acidic for plants.




Properties of Bases

Bases are another group of compounds that can be identified by
their common properties. A base is a substance that tastes bitter,
feels slippery, and turns red litmus blue. Bases often are described
as the “opposites” of acids.

Bitter Taste Have you ever tasted tonic water? The slightly bitter
taste is caused by the base quinine. Bases taste bitter. Soaps, some
shampoos, and detergents taste bitter too, but you wouldn’t want
to identify bases by taste!

Slippery Feel Picture yourself washing your hands. You reach
for a bar of soap and rub it between your hands underwater.
Think about how slippery your hands feel. This slippery feeling
is another characteristic of bases. But just as you avoid tasting a
substance to identify it, you wouldn’t want to touch it. Strong
bases can irritate or burn your skin. A safer way to identify bases
is by their other properties.

Reactions With Indicators As you might guess, if litmus
paper can be used to test acids, it can be used to test hases too.
Bases turn red litmus blue. Like acids, bases react with other indi-
cators. But litmus paper gives a reliable, safe test. An easy way to
remember which color litmus turns for acids or bases is to
remember the letter b. Bases turn litmus paper blue.

Reactions of Bases Unlike acids, bases don’t react with car-
bonates to produce carbon dioxide. At first, you may think it is
useless to know that a base doesn’t react with certain chemicals.
But if you know what a compound does#’t do, you know some-
‘thing about it. For example, you know it’s not an acid. Another
important property of bases is how they react with acids. You
will learn more about these reactions in Section 4.

*teodeacanga, L

1. How can you use litmus paper to distinguish
an acid from a base?

2. How can you tell if a food may contain an
acid or a base as one of its ingredients?

3. Name at least two ways that acids and
bases are useful around your home.

4. Thinking Critically Comparing and

Contrasting Make a table that compares

at least three properties of acids and bases. 3

‘l-!.'ll.l.l-..'ll.

remaove any

a
TreR i taanne,

- Check Your Progress
Select sources for your

indicators. Explore ways to crush -
each material and $

: . TOU may have to adgd some water and

Sodium nydroxide NaOH

Calcium hydroxide i Ca(OH)»

Aluminum hydroxide | Al(OH);

Calcium oxide ! CaO

Figure 20 The tabie lists the
names and formulas of some
common bases.

Predicting What color would any of
these compounds turn litmus paper?

*a
*Er s e ga, Pruseng ; LK
I -

queeze out its juice,

solid. (Hint: Refrigerate any

samples you are not goin
immediately.) Write dgowng;(;)ugse
procedure and get your
teacher’s approval before
preparing your indicataors.
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you see.

RO RETRPDORRRERROODOEER Y

% What kinds of ions do acids
and bases form in water?

% What does pH tell you about
a solution?

¢ What happensin a
neutralization reaction?

Reading Tip As you read,
write one sentence to
summarize the main idea
discussed under each heading.

Figure 21 You can find at least
one hydrogen atom in the formula
of each of these acids.

Hydrochloric acid

Sulfuric acid
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juice into each of three separate plastic cups.

2. Add 10 drops of lemon juice (an acid) to one cup. Add 10
drops of ammonia cleaner (a base) to another. Keep the
third cup for comparison. Record the colors you see.

3. Now add ammonia, one drop at a fime, to the cup
containing lemon juice. Keep adding ammonia until
the color no longer changes Record all color changes

3

Think i @ww R e
Forming Opemi’mnai Def;mtmns_
‘Based on your observations, how. .

4. Add lemon juice a drop at a time to the ammonia until could you expand your: deflnmons e
the color no longer changes. Record the changes you see.  ¢f ac|ds and bases7 L

chemist pours hydrochloric acid into a beaker. Then she
adds sodium hydroxide to the acid. The mixture looks
the same, but the beaker becomes warm. If she tested the
Solutlon with litmus paper, what color would the paper turn?
Would you be surprised if it did not turn color at all? If exactly
the right amounts and concentrations of the acid and the base
were mixed, the beaker would hold nothing but salt water! How
could those two corrosive chemicals produce something harm-
less to the touch? In this section, you will find the answer.

Acids in Solution

What do acids have in common? Notice that each formula in
Figure 21 begins with hydrogen. The acids you will learn about in
this section contain hydrogen. They react with water to produce
hydrogen ions. A hydrogen ion (H™) is an atom of hydrogen that
has lost its electron. When hydrochloric acid, for example, reacts
with water, hydrogen ions and chloride ions form.

water
HCl ——s HY + CI™

If another acid were used, the negative ion would be different. It
could be another simple nonmetal ion. Or, it could be a poly-
atornic ion such as nitrate (NO3 ™), which forms from nitric acid.
However, hydrogen ions would be produced in each case. These
hydrogen ions are the key to the reactions of acids.




Now you can add to the definition of acids you learned in
Section 3. An acid is any substance that produces hydrogen
ions (H*) in water. It is the hydrogen ions that cause the prop-
erties of acids you can see. For instance, when you add certain
metals to an acid, hydrogen ions interact with the metal atoms.
One product of the reaction is hydrogen gas (H,). Hydrogen ions
also react with blue litmus paper, turning it red. That’s why every
acid gives the same litmus test result.

Bases in Solution
The formulas of bases give you clues to what ions they have in
common. Look at Figure 23. Many bases are made of positive ions
combined with hydroxide ions. The hydroxide ion (OH™) is poly-
atomic, made of oxygen and hydrogen. It has a negative charge.
When bases like those in Figure 23 dissolve in water, the pos-
itive ions and hydroxide ions separate. Look, for example, at what
happens to sodium hydroxide:

water
NaOH —— Na* + OH™

Not every base contains hydroxide ions. For example, the gas
ammonia (NH;) does not. But in solution, ammonia is a base
that reacts with water to form hydroxide ions.

NHz + HyO0 — NH,* + OH™

Notice that in both reactions, there are negative hydroxide ions.
These examples give you another way to define bases. A base is
any substance that produces hydroxide ions (OH™) in water.
Hydroxide ions are responsible for the bitter taste and slippery
feel of bases. Hydroxides also turn red litmus blue.

W{ Chectpacai What is a hydroxide ion made of?

Figure 22 Acids share certain
chemical and physical properties
when dissolved in water. Most
acids are very soluble.

Figure 23 Many, but not all,
bases dissoive well in water.
Making Generalizations What do
all of the base formulas in the

table have in common?

Sedium hydroxide
Potassium hydroxide:

Calcium hydroxide

‘Magnesium hydroxide |

.
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Figure 24 In a solution of a strong
acid, all the acid molecules break up
into ions. In a solution of a weak acid,
however, fewer molecules do so.

Acetate
ion
(G H;0,7)

H+

Acetic acid

» Hydrochloric acid

Strengths of Acids and Bases

Acids and bases may be strong or weak. Strength refers to how well
an acid or a base produces ions in water. With a strong acid, most
of the molecules react to form ions in solution. With a weak acid,
tewer molecules do. At the same concentration, a strong acid pro-
duces more hydrogen ions {H™) than a weak acid does. Examples
of strong acids include hydrochloric acid, sulfuric acid, and nitric
pH of famlilar acid. Most other acids, such as acetic acid, are weak acids.
'_'-substances in your home. . Strong bases react in a water solution in a similar way to
: 1 Put G on your safety goggles - strong acids. A strong base produces more hydroxide (OH™) ions
i i . than does an equal concentration of a weak base. Ammonia is a
2. ;Select substances suchas . weak base, Lye, which is sodium hydroxide, is a strong base.
- frutt juices, soda water, - Strength determines, in part, how safe acids and bases are to
. coffee, tea, or antacids. - o use. For example, all the acids that are safe to eat, such as acetic
-3 Prediict which substances: acid and citric acid, are weak. Ammonia cleaner may irritate your
R :_::jgraeﬂrcnos_t _a_C'd'C or st hands slightly if you use it. But the same concentration of drain
S G w2 cleaner, which contains sodium hydroxide, would burn your skin.

4. If the sample is- SO|Id o .
™ dissalve some ina cup of ‘ People‘ often say that a solution is weak when they mean it is

-'water Usea qumd asis. dilute. This co'uld be a dangerous nystake! Even a dilute :sohmon

Using a plastic dropper o of‘hydrochlonc acid can cata hole in your clothing or sting your
.transfer.a drop of each” skin. An equal concentration of acetic acid would not.

. sample onto a fresh strip ¢ of | if Chectpoiut How would a weak base differ from an equal

. "paper for testlng pH. o : - -
i ' concentration of a strong base in solution?
‘_._6_._-_Compare the color of the

. strip to the pH, values on

pHions Home
Frdoutthe g

»

Measuring pH

7. Repeat for ai! your samples.' Knowing the concentration of hydrogen ions is the key to know-

e _Remember to rinse the. . ing how acidic or basic a solution is. To describe the concentration
.- dropper. between teStS_ i " of ions in a convenient way, chemists use a numeric scale called
."""fe"P" eting | Data List' - ::f- ~ pH.The pH scale is a range of values from 0 to 14. It expresses
the samples from lowest to . the concentration of hydrogen ions in a solution.

. .hlghest pH _Whlch results, 1f




Figure 25 shows where some familiar substances fit on the
pH scale. Notice that the most acidic substances are at the low
end of the scale. At the same time, the most basic substances are
at the high end of the scale. You need to remember two important
points about pH. A low pH tells you that the concentration of
hydrogen ions is high. By comparison, a high pH tells you that
the concentration of hydrogen ions is low. If you keep these ideas
in mind, you can make sense of how the scale works.

You can find the pH of a solution by using indicators. The stu-
dent in Figure 25-is using indicator paper that turns a different
color for each pH value. Matching the color of the paper with
the colors on the test scale tells how acidic or basic the solu-
tion is. A pH lower than 7 is acidic. A pH higher than 7 is

‘basic. If the pH is 7, the solution is neutral. That means it’s
neither an acid nor a base. Pure water has a pH of 7.

A concentrated solution of acetic acid can have a lower
pH than a dilute solution of hydrochloric acid. In order to
handle acids and bases safely, you need to know both
their pH and their concentration. Hydrochloric acid is
more acidic (has a lower pH) than acetic acid. But a
concentrated (strong) solution of acetic acid can
have a lower pH than a dilute {(weak) solution of
hydrochloric acid. To safely handle acids and
bases, you need to know the pH of the solutions
you are using,

Figure 25 The pH scale classifies sclutions as
acidic or basic. Indicator paper turns a different
colar for each pH value. Interpreting Diagrams

if a solution has a pH of 9, is it acidic or basic?
What can you say about a solution with a pH of 37

Apple Banana Water Baking soda ' Ammonia Drain cleaner

wily

Most acidic Most basic

I | "~ ‘ <7 i :. -
Vinegar Tomato Milk  Blood Soap
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Figure 26 Acid rain weakens trees
by damaging their leaves and
removing nutrients from the sail.
Portions of forests can die off when
weakened trees become diseased or
are further damaged by severe cold
or drought.

Figure 27 The solution on the left
is acidic. The solution on the right is
hasic. When mixed, these solutions
produced the neutral solution in
the center.

Interpreting Photos What tells you

if the solution is an acid, a base,

or neutraf?
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Acid Rain s
Normal rainfall is slightly acidic,

This acidity comes from carbon dioxide in the air. Carbon diox-
ide dissolves in rainwater, producing carbonic acid, a weak acid.

Hzo + COZ —> H2605

Acid rain is more acidic than normal rainwater. The pH of acid
rain in the United States today can be as low as about 4.3. The extra
acidity comes from nitrogen oxides and sulfur oxides. These gases
are released into the air as pollutants from industry and motor
vehicles. These oxides react with water in the air to produce acids,
including nitric acid and sulfuric acid. Rainwater containing these
acids has more hydrogen ions. It has a lower pH and is more cor-
rosive. Acid rain can damage statues and buildings, destroy forests,
and kill fish in lakes.

Acid-Base Reactions

The story at the start of this section describes a chemist who
mixed hydrochloric acid with sodium hydroxide. She got a solu-
tion of table salt (sodium chloride) and water.

HCI + NaOH — H,0 + Na* + CI”

If you tested the pH of the mixture, it would be close to 7, or
neutral. In fact, a reaction between an acid and a base is called a
neutralization (noo truh lih zay shun). As a result of neutral-
ization, an acid-base mixture is not as acidic or basic as the indi-
vidual starting solutions were. '

Sometimes an acid-base reaction results in a neutral solu-
tion. But not always. The final pH depends on such factors as the
volumes, concentrations, and identities of the reactants. For
example, some acids and bases react to form products that are
not neutral. Also, common sense tells you that if only a small
amount of strong base is reacted with a much larger amount of
strong acid, the solution will remain acidic.




Figure 28 Each salt listed in this
table can be formed by the reaction
between an acid and a base.

Sodium chloride NadCl]

Calcium chloride | CaCl,

Food flavoring; preservative

Cé[cmm
carbonate

Found in limestone and sea shells

Dee-icer for roads and walkways

Products of Acid-Base Reactions
“Salt” may be the familiar name of the stuff you sprinkle on food.
But to a chemist, the word refers to a specific group of com-
pounds. A saltis any ionic compound that can be made from the
neutralization of an acid with a base. A salt is made from the pos-
itive ion of a base and the negative ion of an acid. Look at the equa-
tion for the reaction of nitric acid with potassium hydroxide:

HNOs + KOH — Hp0 + K* + NO5~

Omne product of the reaction is water. The other product is

potassium nitrate (KNOj), a salt. Potassium nitrate is written in =~ =
th N te K+ and NOu— i b + is solubl Figure 29 These salt flats were left
¢ equation as separate K' an 3 lons because it is soluble i beath valley, California,

In water. A neutralization reaction produces water and a salt.
Some salts, such as potassium nitrate, are soluble. Others form

precipitates because they are insoluble.

1. What ions would you expect to find when an
acid dissolves in water? What ions would you
expect to find when a base dissolves in water?

2. If the pH of a solution is 6, would you expect to
find more or fewer hydrogen ions (H*) than in
a solution with a pH of 37 Explain why.

3. What does the term salf mean to a chemist,
and how may a salt form?

4. Thinking Critically Predicting What salt
would form from a reaction between

hydrochloric acid, HCI, and calcium
hydroxide, Ca{OH),? Explain your answer.

i Chedk Your Progress

1 Watch for a.color change, especially

when the water in which the salts.
were dissolved evaporated.

LR Y R . . e

. . “*Fdananna

- L *raene

. d Ttesecsacas

Use each indicator to test for -
-acids and bases in familiar
“Substances. For exa'r_n'ple_,-'tfy ‘v.ihegé.r" o
hqugehpld_ ammonia, lemon, juicé : m’ifk
and s0apy water. (Hint: Use small -
amounts of indicator and test Szém'ples".

: _whgre Fhe sample comes in contact with

: - the indicator. If you do not see a color
change, 'add a few more drops .~
of the sample.) Summatize - g
yourresults in a table. - -

Chapter 6 203



INTEGRATING Ligr Scisnce

PESEVOO BT TATAR B S ODETERABVIGHRGLGOODER RS Hy

s Where Does @sges?mn Eegm‘?

ﬂ

&

+ 1. Obtain a bite-sized piece of crusty bread. - ?E‘m@k E'E m’@# : .

e 2. Chew the bread for about one minute, ‘Do !nferrmg How did the bread taste before and

-3 : .
¢ not swallow until after you notice a change after you chewed it? How can YOU explam the e
s intaste. : B change in taste7 R L S o

hd : o ..

-] . .

ou may have seen the following commercial: A man has
a stomachache after eating spicy food. A voice announces
that the problem is excess stomach acid. The remedy is
an antacid tablet.

% Why is it necessary for your
body to digest food?

@ How does pH affect

digestion? ‘ Ads like this one highlight the role of chemistry in digestion.
Reading Tip Before youread, 10U need to have acid in your stomach. But too much acid is a
preview Figure 32. List the problem. Other parts of your digestive system need to be basic.

organs of the digestive system
in the order in which food
passes through them.

What roles do acids and bases play in the digestion of food?

What Is Digestion?

Foods are made mostly of water and three groups of com-
pounds: carbohydrates, proteins, and fats. Except for water, your
body can’t use foods in the forms you eat. Foods must be broken
down into simpler substances that your body can use for raw
materials and energy. The process of digestion breaks down the
complex molecules of foods into smaller molecules.
Digestion has two parts—mechanical and chemical.
Mechanical digestion is a physical process in which large
pieces of food are torn and ground into smaller pieces.
The result is similar to what happens when a sugar
cube is hit with a hammer. The size of the food is
reduced, but the food isn’t changed into other
compounds. Chemical digestion breaks large
molecules into smaller ones. Some of the prod-
ucts of digestion are used by the body to get
energy. Others become building blocks for
muscle, bone, skin, and other organs.

Figure 30 The foods in this sandwich will
move through areas of the digestive system
that have different pH values.



—_

Carbohydrate molecule Digestion Sugar molecudes

—n

Protein molecule Digestion Amine acid molecules

Chemical digestion takes place with the help of enzymes.  Figure 31 Carbohydrates and
Enzymes are catalysts that speed up reactions in living things. ~ Proteins are large molecules that
E ire just the right conditions to work, includin must be broken down by digestion.
NZYmMEes require jus 5 X X ’ & Interpreting Diagrams What smaller
temperature and pH. For some digestive enzymes, the pHmust  mofecules result in each case?

be low. For others, the pH must be high or neutral.

i Clectpocuz What happens to foods in your body?

pH in the Digestive System

A bite of sandwich is about to take a journey through your diges-
tive system. What pH changes will affect the food molecules
along the way? Figure 32 shows the main parts of the human

digestive system. As you read, trace the food’s pathway through
the body.

Your Mouth The first stop in the journey is your mouth.
Immediately, your teeth chew and mash the food. The food
also is mixed with a watery fluid called saliva. Have you ever
felt your mouth water at the smell of something delicious?
The odor of food can trigger production of saliva. Salivary

What would you expect the usual pH of saliva to be?
Remember that saliva tastes neither sour nor bitter. So
you're correct if you think your mouth has a pH near 7, the
neutral point. us

Saliva contains amylase (am uh lays), an enzyme that
helps break down the carbohydrate starch into smaller sugar ch
molecules. Amylase works best when the pH is near 7. You
can sense the action of this enzyme if you chew a piece of
bread. After about two minutes in your mouth, the carbo-
hydrate is broken into sugars. This makes the bread taste
sweet. '

glands

Your Stomach Next, the food is swallowed and arrives in
your stomach. This muscular organ starts the chemical diges-
tion of foods that contain protein, such as meat, fish, and
beans. Cells in the lining of your stomach release enzymes
and hydrochloric acid. Rather than the near-neutral pH of

- Figure 32 The pH changes as
your mouth, the pH drops to a very acidic level of about 2. food moves throEgh the digestive

This pH is even more acidic than the juice of a lemon. system.
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Figure 34 The pH varies greatly
throughout the digestive system.
Relating Cause and Effect Why do
certain digestive enzymes work only in
certain parts of the digestive system?

Small intestine é 8

system? -

2. How does pH differ in your mouth, your
stomach, and your small intestine? Why are the

differences important?

3. What two processes of digestion begin in the

mouth? How do they differ?

4, Thinking Critically Predicting How would

1. How are foods changed by your digestive

Figure 33
Shrimp contains
protein. Rice and
pea pods contain -
carbohydrates. .

The low pH in your stomach helps digestion take place. One
enzyme that works in your stomach is pepsin. It helps break
down proteins into small molecules called amino acids. Most
enzymes work best in a solution that is nearly neutral. But
pepsin is different. It works most effectively in acids.

Your Small intestine Your stomach empties its contents into
the small intestine. Here, other digestive fluids surround the
food. One fluid contains the bicarbonate ion (HCO, ). This ion
creates a slightly basic solution, with a pH of about 8. In the
small intestine, other enzymes complete the breakdown of car-
bohydrates, fats, and proteins. All of these enzymes work best in
a slightly basic solution. Most chemical digestion ends in the
small intestine.

The large food molecules from the sandwich have been split
up into smaller ones by now. These smaller molecules pass
through the walls of the small intestine into your bloodstream
and are carried to the cells that will use them.

Check Your prograsy B

i Useindicator paper to find

the pH of each substanca

you tested earlier with thémad:e.

-+ Indicators. Add these pH valyes 1o

LR S

your data table. Compare the data

. 'ygu:cqlie(':t_ed- with your in
; with the data from ™~ gm;
{ the pH tests. - |

the digestion of food be affected if your stomach
did not produce hydrochloric acid?

208




190

“n this lab, you will design an experiment to
find out how a chosen variable affects the
.speed-at which salt dissolves in water,

Problem

How can you control the rate at which salt
dissolves in water? '

Materials

solid stoppers, #4
hot plate
stirring rods
timer or watch
test tubes, 25150 mm

| coarse, rock, and table salt

| graduated cylinders and beakers, various sizes

1. Make a list of all the variables you can think
of that could affect the speed with which salt
dissolves in water.

| Design a Plan (&2

2. Compare your list with your classmates’ lists,

and add other variables,

3. Choose one variable from your list to test.

4. Write a hypothesis predicting the effect of
your chosen variable on the speed of
dissolving.

5. Decide how to work with your choice.

% If you choose temperature, you might
perform tests at 10°C, 20°C, 30°C,
40°C, and 50°C.

& |f you choose stirring, you might stir
for various amounts of time.

6. Plan at least three tests for whichever
variable you choose. Remember to
control all other variables.

7. Write down a series of steps for your
procedure and safety guidelines for your
experiment. Be quite detailed in your plan.

8. As part of your procedure, prepare a data
table in which to record your resuits. Fill in
the headings on your table that identify your
manipulated variable and the responding
variable. (Hint: Remember to include units.)

9. Have your teacher approve your procedure,
safety guidelines, and data table.

10. Perform the experiment.




Analyze and Conclude

1. Which is the manipulated variable in your
experiment? Which is the responding
variable? How do you know which is which?

2. List three variables you held constant in your
procedure. Explain why controlling these
variables makes your data more reliable.

| 3. Make a line graph of your data. Label the

horizontal axis with the manipulated variable.

Label the vertical axis with the responding

variable. Use an appropriate scale for each

¢ axis and 1abel the units.

. 4. Study the shape of your graph. Write a

. conclusion about the effect of the variable you

tested on the speed of salt dissolving in water.

Does your conclusion support the hypothesis
you wrote in Step 47 Explain.

6. How do your results relate to what you have:
learned about particles and soiubility?

7. What advantage would there be in running
your tests a second or third time?

8. Think About i [f you switched procedures
with another student who tested the same
variable as you, do you think you would get
the same results? Explain why or why not.

More to Explore

Choose another variable from the list you made
in Steps 1 and 2. Repeat the process with that

variable. Of the two variables you chose, which
was easier to work with? Explain.
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onsumers see or hear ads for antacids on

television, radio, and in magazines. Each

product claims to “neutrafize excess
stomach acid” best. You can experiment to see
whether some antacids really do work betier
than others.

Problem

Which antacid neutralizes stomach acid with the
smallest number of drops?

Skills Focus
designing experiments, measuring, interpreting data

‘Materials

3 plastic droppers  small plastic cups
dilute hydrochloric acid (HCI), 50 mL
methyl orange solution, 1 mL _

liquid antacid, 30 mL of each brand tested

Procedure (2
Part T
1. Using a plastic dropper, put 10 drops of
hydrochloric acid, HCI, into one cup.
CAUTION: HCI is corrosive. Rinse spills and
splashes immediately with water.

S E e OBk

2. Use another plastic dropper to put
10 drops of liquid antacid into another cup.

3. In your notebook, make a data table like the

one below. Record the colors of the HC! and
the antacid.

4. Add two drops of methyl orange solution to
each cup. Record the colors you see.

5. Test each of the other antacids. Discard all
the solutions and cups as directed by your
teacher.

Part 2
6. Methyl orange changes color at a pH of
about 4. Predict the color of the solution you
expect to see when an antacid is added to a
mixture of methy! orange and HCI.

. Design a procedure for testing the reaction of
each antacid with HCI. Decide how many
drops of acid and methyl orange you need to
use each time.




8. Devise a plan for adding the antacid so that
you can detect when a change occurs.
Decide how much antacid to add each time
and how to mix the solutions to be sure the
indicator is giving accurate results.

9. Make a second data table to record your
gbservations. -

10. Carry out your procedure and record your
results.

11. Discard the solutions and cups as directed
by your teacher. Rinse the plastic droppers
thoroughly,

12. Wash your hands thoroughly when done.

Analyze and Conclude

1. What is the function of the methy! orange
soiution?
2. Do your observations support your predic-
tions from Step 67 Explain why or why not.
3. Why do you think antacids reduce stomach
acid? Explain your answer, using the
observations you made.
Why is it important to use the
same number of drops of HCI
in each trial?

5. Which antacid neutralized the HC} with the
smallest number of drops? Give a possible
explanation for the difference.

8. If you have the same volume {number of
drops) of each antacid, which one can
neutralize the most acid?

Did your procedure give results from which
you could draw conclusions about which
brand of antacid was most effective? Explain
why or why not.

Apply If you want to buy an antacid, what
information do you need in order to decide
which brand is the best buy?

Getting Involved

Compare the advertised strengths of several
brands of antacids. Look for antacids in a local
grocery store or drug store. Check the ingredient
lists of several brands. What are some of the
different bases used in commercial antacids?
{Hints: Look for compounds containing
“hydroxide.” Also check any compound
identified as the “active ingredient.”)
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Key Ideas

% A solution is a well-mixed mixture, havmg
smaller particles than a suspension or a colloid.

% When a solution forms, particles of solute are
surrounded by particles of solvent.

¥ Solutes lower the freezing point and raise the
boiling point of a solvent.

Key Terms S
suspension solute
solution colloid
solvent '

Concentration and Sniubiiﬁty

Key Ideas
¢ Concentration compares the amount of solute

to the amount of solvent or amount of solution.

* % Solubility can be affected by temperature,
pressure, and type of solvent. '

Hey Terms
dilute solution

* concentrated solution
solubility ;J/ :
saturated solution
unsaturated solution

supersaturated solution

gy
SELD

Describing Acids and Bases

Key ideas

% An acid tastes sour, reacts with metals and
carbonates, and turns litmus red.

@ A base tastes bitter, feels slippery, and turns
litmus blue.

# An indicator is a substance that turns dlfferent
colors in an acid or a base.

Key Terms
acid
indicator
base

Acids and Bases in Solution

Key ldeas

# An acid produces hydrogen ions (H') when it -
dissolves in water.

% A base produces hydroxide ions (OH™) when it
dissolves in water.

% pH describes the acidity of a solution. The
lower the pH, the higher the concentration of
hydrogen ions.

% When a base reacts with an acid, water and a
salt form.

Key Terms

hydrogen ion (HT) acid rain
hydroxide ion (OH™) neutralization
pH scale salt

Digestion and pH

INTEGRATING i3

Key ldeas

& Digestion breaks down foods into small
molecules that are used for energy and raw
materials.

% The pH at which digestive enzymes work best
varies from very acidic to slightly basic.

Key Terms
digestion
mechanical digestion

chemical digestion

Concept Map Use key terms and ideas you
learned in this chapter to construct a concept
map about solutions. {For more on concept
maps, see the Skills Handbook.)

Chapter 6 209




Reviewing Content

For more review of key concepis, see the

7 Interactive Studenf Tutorial CD-ROM.

Multiple Choice ;
Choose the letter of the best answer.

1.

Sugar water is an example of a

a. suspension. b. solution.

c. solute. d. colloid.

A solution in which more solute may be
dissolved is a(n) : '

a. neutral solution.

b. supersaturated solution.
¢. unsaturated solution.
d. saturated solution.

. When salt is added to an ice and water

mixture at 0°C, :
a. the temperature of the mixture drops.'
b. more of the water freezes.

" ¢. more of the water evaporates.

d. there is no noticeable change.

. Bubbles form when washing soda

{Na,CQOj3) is mixed Wlth
a. tap water.

b. salt water.

¢. ammonia cleaner.

d. lemon juice.

. Which of the follomng compounds isa

base?
a. HNO; b. MgCl,
¢. Ca(OH), d. CH,

True or False

If the statement is true, write true. If it is false,
change the underlined word or words to make the
statermnent true.

6.

7.

T0.
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The solubility of a gas in water goes up if
you increase the temperature.

The slightly sour taste of lemonade tells
you that it may contain a base.

8. The gas produced when an acid reacts w1th
a carbonate is oxygen. _ :

9. Dilute hydrochloric acid is an example of a
strong acid.

Amylase, the enzyme in saliva that helps
break down carbohydrates into simple
sugars, works best in a neutral solution.

Checking Concepls

Tt
12.
13.

4.

5.

x\%&

Describe at least two differences between a
dilute solution and a concentrated solution
of sugar water.

The concentration of an alcohol and water
solution is 25% alcohol by volume. What 1s
the volume of alcohol in 200 mL of the
solution?

Explain how you could tell the difference
between a solution and a clear colloid.
Explain how an indicator helps you
distinguish between an acid and a base.
What combination of acid and base can

be used to make the salt potassium
chloride, KCl? _

Writing to Learn Some of the limestone
on the outside of buildings in an area looks
as if it is being gradually eaten away. As an
investigator for the local air pollution

~ agency, write a brief memo explammg What

Thinking Critica
17.

18.

19.

£ 20.

may be causing the problem

lly

Developing Hypotheses Some power
plants release hot wastewater into nearby
rivers or streams. Fish living in these waters
sometimes die from lack of oxygen. Write a
hypothesis to explain what has happened to
the oxygen in the water.

Drawing Conclusions You have two
clear liquids. One turns litmus red and one
turns litmus blue. If you mix them and
retest with litmus, no color changes occur.
Describe the reaction that took place.
Comparing and Contrasting Compare
the types of particles formed in a water
solution of an acid with those formed in a
water solution of a base.

Predicting Suppose a person took a

dose of antacid greater than what is
recommended. Predict how this action
might affect the digestion of certain foods.




.

ﬂ@pgymg Sieills 23, Drawing Commsiam Explaip how the
pH of a strong acid compares with the pH
of a weak acid of the same concentration.

The diagram below shows the particles of an
unknown acid in a water solution. Use the
diagram to answer Questions 21-23.

masan

Present Your Project Demonstrate the
indicators you prepared. Make a list of the
substances you tested in order from most
acidic to least acidic.

Reflect and Record In your journal, discuss

e Y s

ZEEEE X

whether or not you would use the same
21. Interpreting Data How can you tell = materials as indicators if you did this project
from the diagram that the solution ¢ again. Explain why. Describe how acid-base

indicators could be useful for farmers and
gardeners. Would you recommend that they
use any of the indicators you made? Why or
why not?

contains a weak acid?

2%. Making Models Suppose another
unknown acid is a strong acid. Make a
diagram to show the particles of this acid
dissolved in water.
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