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Solution Chemistry Questions



1. What are some of the special properties of water?








2. What happens to density as water becomes ice?








3. What is specific heat?








4. Why is water an important solvent?













The Structure of Water
Water as a Universal Solvent


1. What is the formula of water?





2. Draw a water molecule.  Include the angle of the bonds.






3. Why is water a polar molecule?






4. Why is water an effective solvent?






5. How does table salt dissolve in water?







6. Why will a solid dissolve in one substance but not another?
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Polarity of Molecules

Determine whether the following molecules are polar or non-polar

1. N2


2. H2O


3. CO2


4. NH3


5. CH4


6. SO3


7. HF


8. CH3OH


9. H2S


10. I2


11. CHCl3


12. O2
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1. What is the concentration of a solution?



2. What is a saturated solution?




3. What is a supersaturated solution?



4. Explain how a substance is diluted?
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1. What is solubility?


2. Why must you state the temperature when you talk about solubility?



3. What is the solubility of sodium chloride at 60 C?   Potassium bromide at 40 C?  Sodium nitrate at 0 C?




4. What happens to solubility as temperature increases?


[image: Page 34]
Temperature Questions

1. How does temperature affect solubility?






2. On the solubility graphs, what does the x-axis represent? The y-axis?







3. What happens to the solubility of a gas as the temperature of the solvent raises?







4. What does it mean when the gas solubility graph shows a negative slope?
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Name: ______________________						Solubility Graphs

Solubility measures the amount of a material (solute) that will dissolve in a solvent at a given temperature. Often the solvent will be water.  As you would expect, different materials dissolve at different rates. Use the solubility graph provided to answer the following questions.
[image: http://www.thesciencedesk.com/images/SolGraph.gif]

1) Is solubility a physical or chemical property?



2) According to the graph. as the temperature increases, what happens to the amount of solute being dissolved in water?



3) The slope of a graph indicates how rapidly the solute dissolves as the temperature increases -   the steeper the slope the more rapidly it dissolves.  According to the graph, what substance dissolves the fastest between 0°C and 50°C based on the slope of the curve?



4) What substance changes the least in solubility across the entire temperature range?


5) How many grams of potassium iodide will dissolve at 30°C?   ________

6) At what temperature will 20 grams of potassium chlorate dissolve in water?  ________

7) How many grams of sodium nitrate will dissolve at 90°C?   ________

8) At approximately what temperature will 85 grams of potassium nitrate dissolve in water?  ________

9) What substance dissolves best at the freezing point of water (0°C ) ? _________________________
10) Based on your knowledge of how heat energy affects particle spacing and movement, why would more material (solute) dissolve in water (solvent) at higher temperatures?
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1. How can the rate of dissolving be increased?




2. What is diffusion?





3. How does increasing temperature affect solubility of a substance?




4. Explain why the dissolving rate and solubility is unrelated.
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1. What is a conductivity device?




2. What is electrolyte?





3. How do electrolytes affect acids and bases?






4. Why can tap water easily carry an electric current and pure water cannot?





5. How do solutes change properties of solvents?
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Acid and Base Questions


1. What are acids?





2. Give two characteristics of acids.





3. What is an indicator?




4. Compare a strong acid to a weak acid.




5. What is a base?




6. What type of ions do bases form?




7. Give two characteristics of bases.




8. Compare a strong base to a weak base.






ACID, BASE, OR SALT

Classify each of the following compounds as an acid, base or salt.  Then, indicate whether each acid and base is strong or weak.


1. HNO3		_______________________		______________________

2. NaOH		_______________________		______________________

3. NaNO3		___________________________________		_________________________________

4. HCl		_______________________		______________________

5. KCl		_______________________		______________________

6. Ba(OH)2	__________________________________		_________________________________

7. KOH		_______________________		______________________

8. H2S		_______________________		______________________

9. Al(NO3)3	__________________________________		_________________________________

10. H2SO4		___________________________________		_________________________________

11. CaCl2		___________________________________		_________________________________

12. H3PO4		___________________________________		_________________________________

13. Na2SO4	___________________________________		_________________________________

14. Mg(OH)2	___________________________________		_________________________________

15. H2CO3		___________________________________		_________________________________

16. NH4OH	_______________________		______________________

17. NH4Cl		_______________________		______________________

18. HBR		_______________________		______________________

19. FeBr3		__________________________________		_________________________________

20. HF		_______________________		______________________
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The pH Scale


1. What is litmus paper used for?





2. What is a pH scale used for?





3. What scale is used for the pH scale?





4. What is the range of acids?  Bases?  Neutral?




5. What is a neutralization reaction?




6. Compare the substances at either end of the scale to those in the center of the scale.





7. What is the very IMPORTANT laboratory rule about acids?  Why do labs have this rule?
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Acids and Bases

Identify each item listed below as to whether it refers to an acid, a base, or both an acid and a base.  Use the letters in the key.

KEY:  A = acid	B = base	AB = acid and base

_____ 1.   sour taste				_____ 12.  is used in pickling

_____ 2.  bitter taste				_____ 13.  forms through ionization

_____ 3.  produces hydrogen ions in		_____ 14.  forms through dissociation
	    solution

_____ 4. is an electrolyte				_____ 15.  Compounds that produce this
							      in solution are made up of polar
							     molecules.

_____ 5.  is slippery				_____ 16.  produces hydronium ions

_____ 6.  is often corrosive			_____ 17. most compounds that produce this 
							    in solution are made up of polar 
							    molecules

______ 7 exists as a crystalline solid in		_____ 18. exists in aqueous solution
	   an undissolved state

______ 8.  produces hydroxide ions in 		_____ 19. HCl is an example
	    solution

______  9.  can be detected with an indicator		______ 20. ammonia is a common example

______10.  soaps are an example			______ 21.  conducts electricity

______11  may be used to make fertilizer

Complete the following.  Write you answers on the lines provided.

21. Use the information above to identify four properties that acids and bases have in common




22. Identify three characteristics of acids that are NOT true of bases.





24.  Identify three characteristics of bases that acids do not have.
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STRUCTURES AND PROPERTIES OF MATTER, CONTINUED

WATER AS A UNIVERSAL SOLVENT

Water is called the universal solvent because it can dissolve so many substances. The
main role of water in your body is to function as a solvent. The reactions that take
place within your body occur in a dilute saltwater solution. The ions in the solution
are especially important to the functioning of your nervous system.

Add the familiar sodium chloride (table salt) or other ionic compound to water,
and it dissolves easily. The polarity of the water molecules pulls individual ions
from the salt crystals. Anions, or negatively charged ions, are attracted to the par-
tially positive charges of the hydrogen atoms. Cations, or positively charged ions,
are attracted to the partially negative charge of the oxygen atom. The sodium
cations are aligned with the oxygen ends in water molecules, and the chloride
anions are aligned with the hydrogen ends in water molecules, as shown in
Figure 15-3. The ionic bonds between sodium ions and chloride ions break. This
process—called dissociation—only occurs with ionic compounds. But molecular
compounds that consist of polar covalent molecules, such as sugar, will behave in
much the same way.

Chloride lon, CI-

Water molecule, H,0

Water molecuie, H,0

Sodium and chloride ions in water
Figure 15-3

Chemists have noted the pattern of “like dissolves like” to describe whether
one substance is soluble in another. Polar substances dissolve in water because
water is polar and so they are alike. The “like dissolves like” rule also applies to
the many organic molecules involved in the chemical reactions within your body.

Nonpolar substances, such as olive oil, are insoluble in water. The oil mole-
cules don’t carry any partial charges. As you often see when you try to mix salad
dressing, the oil and water won't stay mixed. Two liquid substances that won't mix
are said to be immiscible. If you mix two nonpolar liquids, such as gasoline, with
oil they will dissolve in each other because they are alike.
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Polar or Non-polar in water:

Cooking ail
Sugar

Soap

Dirt

1. Pressurizing A

2. Stirring

3. Crushing

4. Heating

Circle lh and underline the solvent.

A solution of 55% HCl and 45% water.
Sugar water
Isopropyt alcohol: 91% alcohol; 9% water.
Increases solubility by raising 1. Cohesion

temperature and moving mole-
cules farther apart.

. Increases solubility by moving the 2 Dissociation
molecules faster.

. Increases solubility by pushing 3. Polar Molecule

compressing something into solu-
tion.

particles smaller.

1f you wanted to make sugar ‘What property of gases allows
dissolve faster what three ways them to be pressured into

could you use?

solution?

Solution (So), suspension (Sp). or colloid (C)?
Homogeneous at molecular level
The particles settie
Doesn’t settle or scatter light
Scatters light, but stays suspended
. The breaking up of an jonic mole-
cule by a polar solvent.

. A molecule that has a positive and
negative end.

. The attractive force between two
molecules of the same substance.

. The attractive force caused by

. Increases solubility by making the 4. Hydrogen bond hydrogen protons to a more nega-

tive non-metal.

Draw the covalent water molecule
AND label the ends as positive
and negative.
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WORKSHEET

6.1 ENRICHMENT WORKSHEET

What Is Your Favorite Flavor?

Read the following paragraphs, and complete the exercises below.

The word chromatography —which describes a process for separating parts
of a mixture—comes from the Greek words for “color writing,” because
chromatography was originally used to separate colored plant pigments.
Today, many industries use chromatography to separate mixtures.

How chromatography saves money

Thanks to chromatography, foods with a greater variety of flavors are now
available at a lower cost. In the past, all foods were flavored with natural
compounds derived from plants. But this process is often expensive, and
supplies of the necessary plants are limited. Today, many of the chemical
compounds that make up these flavorings are produced in the laboratory.

Testing complex flavorings and fragrances in the lab

Some flavorings, such as the compound benzaldehyde —which is the fla-
voring of wild cherry-—are fairly easy to make. But creating flavorings that
are made of many compounds is much more difficult. Sometimes more
than 100 compounds are found in a single flavoring! Researchers use gas
chromatography to determine what compounds are in some flavorings, so
that these flavors can be made in the lab.

The same process is used to create artificial fragrances. In many cases,
the synthetic compound is identical to the natural one, but it is much more
affordable. For example, any fragrance that smells like roses contains beta-
phenylethyl alcohol. It costs thousands of dollars per kilogram to extract
this compound from rose oil, but today it can be made in the laboratory
for just 1 percent of this cost.

Exercises
1. What is chromatography?

2. Explain how gas chromatography helps scientists create complex fla-
vors and fragrances in the laboratory.

3. What are two advantages of using synthetic compounds instead of nat-
ural ones for certain flavors and fragrances?
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STRUCTURES AND PROPERTIES OF MATTER, CONTINUED

CONCENTRATIONS ON SOLUTIONS

Have you ever made chocolate milk using a powdered chocolate drink mix? You
know that the chocolate flavor increases depending on the amount of powder you
add to the milk. In the chocolate milk solution the chocolate powder is called a
solute. The ratio of the amount of solute versus solvent is the concentration of
the solution. Chocolate milk made with 4 small amount of powder would be clas-
sified as a dilute solution. Chocolate milk made with a lot of drink powder would
have a rich brown color and strong chocolate flavor. This solution would be clas-
sified as a concentrated solution.

Solutions can also be classified by saturation. Solutions become saturated
when the solvent has dissolved all the solute it can hold. When chocolate powder
sits undissolved at the bottom of your glass of chocolate milk, your milk solution
is saturated. Add more powder to a saturated chocolate milk solution, and the
crystals fall undissolved to the bottom of the glass.

Under special conditions, solutions can even become supersaturated. A super-
saturated solution holds more solute in solution than it normally can at that
temperature. This can happen, for example, if you leave a beaker of saturated
solution outdoors for the night. The temperature drops, but the beaker is left
undisturbed. Sometimes you can just jiggle the beaker, or add a few crystals of
solid solute, and the solute will quickly crystallize.

Solutions can be prepared at any concentration. The differences in the concen-
trations of solutes dissolved in a solution can bring about differences in the prop-
erties of the solution.

You may think of solutions as liquids, but they also can be solids, such as steel,
or gases, such as air. Alloys, such as steel and brass, are solutions of metals or
nonmetals dissolved in metals.
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SOLUTIONS, COLLOIDS Name
AND SUSPENSIONS

Label the following mixtures as a solution, colioid or suspension. Give an example of each.

1. large particles,
setties out on standing

Kind of mixture:
Example:
2, medium size particles,
settles out on standing
scatters light
Kind of mixture:
Example:
3. very small particles
does not settle out on standing Kind of mixture:
scatters light Example:

-—
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STRUCTURES AND PROPERTIES OF MIATTER, CONTINUED

SOLUBILITY AND FACTORS THAT AFFECT IT

Solubility refers to the greatest amount of solute that a solvent will dissolve be-
fore the solution becomes saturated. Solubility usually is expressed as grams of
solute per 100 g of solvent, or as grams of solute per 100 mL of solvent. The solu-
bility of sugar, for example, is 204 g per 100 g of water at 20°C. You must state the
temperature of the solution when you talk about solubility, because the solubility
of most substances increases as the temperature of the water increases. More
sugar will dissolve in hot water than in cold water.

Different substances have different solubilities. You can see the solubilities of
some substances in the graph in Figure 15-4.

Several important factors affect the solubility of liquids, solids, and gases. They
include temperature, pressure, and the nature of the solute and solvent.

N
2
S

N
=3
<3

a
S

N
=3

Solubility (/100 mL of water)

Temperature {°C)

Figure 15-4
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Interpret a Graph

Suppose you want to make a cup of soup from dry soup mix. You need to dissolve the dry mix
in water to make the soup. You would probably heat the water before you try to dissolve the
mix. Do you know why? You can use a line graph to show how solubility changes as the tem-
perature of a liquid increases. You can also compare how temperature affects the solubility of
different compounds in.the soup.

One dry soup mix includes the compounds NaCl, KNO;, and KCl. Figure 1 shows the rela-

tionship of solubility and temperature for NaCl and KNO,.
100
5 9
S
2 @
]
a 70
> g 60
58 50
g2
&< 4 NaCl
ER]
3
5 20
g 10
5 AT Y O T T N
S g

10 20 30 40 50 60 70 80 30 100
Water Temperature (°C)

Figure 1 Solubility of Three Compounds

Use the data in Table 1 to plot solubility and temperature for KCl. Connect the data points to
show the solubility curve for KCL

Table 1 Solubility of KCl in Water

Temperature Grams of KCl That Dissolve
(°c) in 100 Grams of Water
0 29
20 34
40 39
60 44
80 49
100 54
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Solubility Curves 150 1
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Answer the following questions 13—+ 1
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1. Which salt is least soluble in = 8 4
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Q@ 1
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2. How many grams of 2 1
potassium chloride can be g L P
wa §
dissolved in 200 g of water at ZZ
80° C? 0
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3. At40° C, how much ©7"20 30 40 50 60 70 80 90 100
potassium nitrate can be Temperature (0°C)
dissolved in 300 g of water?

4. Which salt shows the least change in solubility from
0°-100° C?

5. Af30° C, 90 g of sodium nitrate Is dissolved in 100 g of
water. Is this solution saturated, unsaturated or
supersaturated?

6. A saturated solution of potassium chlorate is formed from
one hundred grams of water. If the saturated solution is
cooled from 80° C to 50° C, how many grams of precipitate
are formed?

7. What compound shows a decrease in solubility from 0° to
100° C?

8. Which salt is most soluble at 10° C?

Which salt is least soluble at 50° C?
10. Which salt is least soluble at 90° C?





image11.gif
Solubility Graph

100 cm3 water

ing/
g8

ity i
H

8 9

005 1 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Temperature in Degrees Celsius





image12.png
HMENT WORKSHEET
Detergents: Helpful or Harmful?

Read the following paragraphs, and complete the exercises below.

Soap works by acting as an emulsifier that suspends oil droplets in water.

When this suspension forms, oil particles from your skin are easily rinsed
down the drain with water. But in certain kinds of water, soap can leave a

residue that is hard 1o remove. To overcome this problem, scientists devel-
oped synthetic detergents in the 1950s.

Why phosphates are controversial

Synthetic detergents are widely used, but they contain phosphates, which
promote the growth of algae and weeds. When a sewage system carries de-
tergent-filled water (o a lake, the phosphate level of the lake increases.
Some people claim that if too many phosphates are added to a lake, so
much algae and weeds will grow that the lake’s supply of oxygen could be-
come low enough to endanger other organisms.

Other pollution is a factor

A group of researchers at the Netherlands Organization for Applied Scientific
Research claims that phosphates do not harm unpolluted lakes. They also
have found that at moderate levels in lakes that already have some pollution,
phosphate detergents and non-phosphate detergents are equally harmful.

Using less detergent

The researchers believe that the problem is not what type of detergent is

used, but how much. They found that reducing the amount of detergent is
the best way to keep lakes healthy. But some people claim that these stud-
ies are biased, and the question of the safety of phosphates is still debated.

Exercises
1. Identify one advantage that detergents have over soaps.

2. Why do some people think that phosphate detergents are harmful?

3. Can you make an informed decision about phosphate detergents based
on the reading above? If so, explain your reasoning. If not, discuss
what additional facts or experiments could help you decide.
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STRUCTURES AND PROPERTIES OF MATTER, CONTINUED

Rate at which dissolving occurs

The rate at which a solute dissolves can be increased in several ways. One way is
to increase the surface area—the amount of exposed surface—of the solute.
‘What does this mean? If you have ever jabbed at a sugar cube with a spoon be-
cause it was dissolving too slowly in iced tea, you were increasing the surface
area. Crushing a cube or crystal into small pieces creates more places where the
solvent contacts the solute and speeds up the dissolving process.

You can also increase the rate of dissolving by stirring or shaking the solute in
the solvent. As a solute dissolves it spreads out into the solution. This process is
called diffusion. When you stir or shake the solution, you move the dissolved
solute molecules out of the way, bringing more solvent molecules into contact
with undissolved solute. The effect is similar to that of increasing the surface area;
in both cases you create more contact area between the solvent and the undis-
solved solute.

You also can increase the rate of dissolving by heating the solvent. Increasing the
temperature of the solvent usually increases the solubility; and it also speeds the
dissolving process. Molecules energized by heat transfer move faster, which makes
them move into solution faster.

No matter how quickly a solute dissolves, its solubility at any temperature is not
affected by the rate. Eventually you will reach a point where you just can’t dissolve
any more sugar into your cup of tea, no matter how much shaking, stirring, or heat-
ing you do. The rate at which the solute dissolves is unrelated to its solubility.
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ELECTROLYTIC BEHAVIOR

Suppose you wanted to know if an electrolyte such as salt was present in water.
What would you do? You could evaporate the water and then observe if a salt
residue is left behind. Or you could test the conductivity of the solution as shown
in Figure 15-7.

A conductivity device has two electrodes connected to a power source and a
lightbulb or meter. If the two electrodes are dipped into a solution of salt water,
the dissolved ions will conduct electricity between the two electrodes and the
lightbulb will glow. The more dissolved salt in the solution, the stronger the elec-
trical current and the brighter the bulb will glow.

Salt is an electrolyte—a solute which when dissolved produces ions that carry
electric current in a solution. Solutions of ionic compounds and certain polar mol-
ectiles can form electrolyte solutions.

Strong electrolytes break apart completely. Weak electrolytes do not break
apart completely, so far fewer ions are present in the solution. Weak acids and
weak bases are weak electrolytes; strong acids and strong bases are strong elec-
trolytes. The more dissolved ions a solution contains, the better the solution will
conduct electricity.

Figure 15-7
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STRUCTURES AND PROPERTIES OF MATTER, CONTINUED

You might be surprised to learn that pure water actually is a weak electrolyte
and conducts electricity poorly. Tap water easily carries an electric current. This
is the reason you have to be careful to keep hair dryers from falling into tap water.
The water contains plenty of dissolved ions that would carry a dangerous current
from the hair dryer. Fortunately, most electric appliances that would be used near
water have safeguards against electric shock. They either contain protective de-
vices or can be plugged into protective sockets to stop the flow of current.

Solutes change properties of solvents

Electrolytes in a solution can change some properties of the solvent. For example,
if salt is dissolved in water it raises the boiling point and lowers the freezing point
of water. That's why road crews sprinkle salt on roads when the weather forecast
is for freezing temperatures. The salt reduces the freezing point for ice. If the tem-
perature is 0°C, the addition of salt will cause the ice to melt.
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1) Electrolysis is the breaking down (decomposition) of a substance using electricity.

2) It requires a liquid, called the electrolyte, which will conduct electricity.
Electrolytes are usually free ions dissolved in water, such as dilute acids like
HCI, and dissolved salts, like NaCl solution.

3) Electrolytes can also be molten ionic substances, but this involves higher

temperatures. In either case, it's the free ions which conduct the electricity,
and allow the whole thing to work.

4) The electrical supply acts like an electron pump, taking electrons away from
the positive anode and onto the negative cathode. lons gain or lose electrons
at the electrodes and neutral atoms and molecules are formed.

@ Metals will always be EXAMPLE: ®
produced at the cathode Cathode I S
ot
bgiﬁﬁa“fee ir;]:s(als i (rogere) I | (postive) Q ALL nonmetals
i (except hydrogen) have

negative ions and so

Positive ions are called

CATIONS because - they'll be produced at
they're attracted to the E the positive anode.
negative cathode. : i
St T Negative ions are
b

Hydrogen is also ;E called ANIOII*@
produced at the i because they're
negative cathode. attracted to the anode.

On hydrogen on plus Ore chioride ion

one electron becomes becores one chlorine

one hydrogen atom. atom and an electron.

In this solution, hydrogen gas forme
(from H* lons in the water), rather than sodium metal
— because sodium Is too reactive to form.

The main thing is to make sure the number of electrons is the same for both half-equations that describe
an electrolysis reaction. For the above cell the basic half-equations are:

o + 3
Cathode: H G T - H

Anode: Cl’(aq) - Cl + e-

These equations aren't finished because both the hydrogen and the chlorine come off as gases.
They must be rewritten with H, and Cl,, like this:

Cathode: 2HE 20 ey R

2@

Anode: 2C15 R Gls ool 2e:

Note that there are two electrons in both half-equations, which means they're nice and balanced.

This gives the overall equation:
i e s 2HCl, = H,, + C
i q) 2

) 2@

Half-equations — just the same principle as regular ones...
Practice scribbling down all these details, mini-essay style. Electrolysis can be a bit confusing.

1 think you have to make an effort to learn all the details, especially how the two half-equations
| are really just one equation, but it kind of happens in two places, joined by a power source.
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CONDUCTORS AND ELECTROLYTES  Name

Pure metals are good conductors of electricity.
Blectrolytes are aqueous solutions that conduct
electricity. Acids, bases and salts (ionic
compounds) are electrolytes. Nonelectrolytes
are aqueocus solutions that do not conduct
electricity. The solutes used to form
nonelectrolytes are covalently bonded.

Classify the following as conductors or
nonconductors by writing C or N next to each.

1. copper 1. CH,0 ()
2. hydrogen 12. CH,OH

3. NaOH(aq) 13. KNO,(s)

4. NaCis) 14. KNO,(aq)
5. NaCl(ag) - 18, chlorine

6. magnesium 16. HNO,

7. HS0O, 17. NaNO,(aq)
8. NH,OH 18. C,H,,0,
9. HClag) 19. C,HOH

10. Ca(OH),(aq) 20. gold
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STRUCTURES AND PROPERTIES OF MATTER, CONTINUED
ACIDS

If you've ever tasted lemon or grapefruit juice, you've experienced the sour taste
of an acid. Acids are substances that react with water to form hydrogen ions, H*.
Each hydrogen ion usually combines with a water molecule to form a hydronium
ion, H30*. Figure 15-8 shows the reaction that takes place when nitric acid is
added to water.

Nitric add Water Hydroalum ion Nitrats ion

Figure 15-8

Acids are corrosive—they damage body tissues and clothing—and they con-
duct electricity.

One way you can identify acids is by using an indicator—a substance that
changes color in the presence of an acid or base. One type of indicator is litmus
paper. Blue litmus paper will change to red if you dip it into an acid solution.

When all the molecules of an acid break apart in a solution to form ions, the
acid is considered a strong acid. Those acids that do not completely break apart in
water are called weak acids. Lemon juice and vinegar are weak acids. Strong
acids, such as the sulfuric acid in a car battery, can damage your clothes and skin.

The strength of an acid is not related to its concentration. You can have a dilute
solution of a strong acid. You can also have a concentrated solution of a weak
acid. However, a small amount of a strong acid in a large volume of water will be
far less corrosive than a large amount of the same acid in a small volume of water.
Swimming pool owners use hydrochloric acid to adjust the pH of their swimming
pools. Hydrochloric acid is a strong acid, but because pool owners add a small
amount to a huge volume of water, the acid doesn’t harm swimmers.
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STRUCTURES AND PROPERTIES OF MATTER, CONTINUED

BASES

Bases are substances that increase the number of hydroxide ions, OH’, when they
dissolve in water. Most bases actually contain hydroxide ions. Others, like the ammo-
nia ion in Figure 15-9, react with water to form hydroxide ions in solution. Either
way, bases—like acids—can corrode some solids and their solutions will conduct
electricity.

Water Armoniusm ion Hydroxide ion

Figure 15-9

Strong bases react completely with water to form hydroxide ions. Weak bases do
not break apart completely, so they form fewer hydroxide ions. Household ammo-
nia used in cleaning is a weak base; it has a smaller concentration of hydroxide ions
than drain cleaners, which contain sodiur hydroxide—a strong base. Antacids and
baking soda are also bases.

If you have ever had household ammonia on your fingers, you might have no-
ticed how slippery it feels. This slippery feel is characteristic of bases. Indicators
are also used to determine if a substance is a base. You can dip a strip of red lit-
mus paper into a solution. If it is basic, the red litmus paper will turn blue.
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THE pH SCALE

Litmus paper can be used to identify whether a substance is an acid or a base, but
it doesn’t tell anything about the concentration of hydronium ions or hydroxide
ions in a solution. The pH scale shown in Figure 15-10 can be used to tell how
acidic or basic substances are, The scale ranges from 0 to 14. Substances that are
neither acidic nor basic are neutral, and their pH is 7. Pure water is neutral. If a
substance’s pH is less than 7, it is acidic. The pH of bases is greater than 7.

Each unit of pH represents a factor of 10 in a hydronium ion concentration.
For example, lemon juice, with a pH of 2, is 10 times more acidic than vinegar,
with a pH of 3, and 100 times more acidic than tomatoes, which measure 4 on the
pH scale. Each whole number down the pH scale means the hydronium ion
concentration increases by a factor of 10.

Each whole number step up the pH scale means the substance has a hydroxide
concentration that is 10 times greater than the number below. Soap, with a pH of
10, is 10 times more basic than baking soda, which has a pH of 9, and 100 times
more basic than sea water, which measures 8 on the pH scale.

Solutions at either end of the pH scale are better conductors of electricity than
solutions closer to the middle.

What happens if you add a strong base to the same volume of an equally strong
acid? You'll get water! In a neutralization reaction, the hydronium ions will re-
act with the hydroxide ions to form water. The leftover ions will form a salt if the
water is boiled off. The resulting pH of the solution is 7.

Acids give off heat when they are diluted. An important laboratory rule states:
“Never add water to acid.” Doing so can cause the solution to spatter dangerously.
A safer method of diluting is to pour an acid down a glass stirring rod into a
beaker of water.

——reeeeeeee.  NEUTRAL =
More acidic More basic

o 1 2 3 4 5 L] 7 8 9 10 n 12 13 14

Stomach Black Seawater Hand Drain
add coffee soap cleaner

Figure 15-10




image21.png
A Balance in the Body

Read the following paragraphs, and complete the exercises below.

Acids and bases play an important role in how your body functions. Amino
acids, for example, are the molecules that combine to form proteins. And
some of the major components of DNA are organic bases. Many of the
body’s systems depend on the properties of certain acids or bases to carry
out their functions.

How a buffer maintains pH

The addition of even a small amount of an acid or base can change the pH
of a system, strongly affecting how the system performs. Fortunately, your
body has ways of ensuring that the proper pH is maintained. One common
way is through the use of a buffer. A buffer is a system of two similar com-
pounds that act together to maintain pH when a small amount of acid or
base is added to the system.

The pH of a solution indicates the concentration of hydronium ions
(H30%) and hydroxide ions (OH™) in the solution. To keep a solution at a
certain pH, a buffer must keep both of these concentrations constant. It
does this by neutralizing excess amounts of acid or base when they are
added to the system.

A buffer in the bloodstream

Your blood has a buffer made up of carbonic acid (H,CO3) and hydrogen car-
bonate ions (HCO3). Excess hydronium ions (H;0") in your blood lower the
pH. Fortunately, the hydrogen carbonate ions in the buffer system react with
the hydronium ions, forming carbonic acid and water:

HCOj3 +H;0% — H,C0; + H,0
On the other hand, excess hydroxide ions (OH ") raise the pH. But carbonic

acid reacts with the hydroxide ions to form hydrogen carbonate ions and
water:

H,CO; + O~ — HCOj3 +H,0

Exercises
1. What is the purpose of a buffer?

2. What raises the pH of a system? What lowers the pH of a system?

3. How are the products of the two buffer reactions shown above related?
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pH OF SALT SOLUTIONS Name

A sait is formed from the reaction of an acid and a base.
Astrong acid + astrongbase — neutral salt
Astrong acid + aweakbase —  acidic salt
Aweak acid + astrongbase — basic salt

The salt of a weak acid and a weak base may be acidic, neutral or basic, depending on
the relative strengths of the aclds and bases involved.

The strong acids are HI, HBr, HCI, HNO,, H,80, and HCIO,. The strong bases are the Group |
and Group Il hydroxides. Most others are considered weak.

Complete the following chart. The first one Is done for you.

“ Parent Acid |Acid Strength | Parent Base |Base Strength| Type of Salt
HBr Strong KOH Strong Neutral
Fe(Noa)z —

Ca(NO,),
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Name:

Period: Acids and Bases

Acids are compounds that add H+ ions to
water when in a solution.

In water @

@)
(&) —— @ewm

HC— In water it breaks up
Hydrochloric acid: {dissociates) and
a very strong acid. adds H' ions.

Many of our foods are acidic: citric
(lemons; oranges); apples; tomato sauce.

b " Acids taste sour and fecl “squeaky”
when you rub your fingers together.

Bases

Bases are compounds that add OH- ions to
water when in 2 solution.

In water
0 7 e

NaODH— In water it breaks up
sodium hydroxide: {dissociates) adding
a very strong base. OH- ions to the water.

Many of our cleaning products are
basic: ammonia (Windex); soap;
bleach.

Bases taste bitter and feel slippery. — ===

e —————————————————————— et et

Strong acids and bases —ionize aimost
completely in water, contributing many ions.

Strong acids and bases can bum your skin or eyes.

pH—Measure of Acids and Bases

Swongacids  ACIAS  Weakacids Neutral Weskbmses IBASES Strong bases
01234567891011121314

t 1 t ottt t

Concentrated ~ Lemon  Vinegar Distilled Baking Bar Ammonia Concentrated
HCL Jjuice ‘water soda soap NaOH

‘Weak acids and bases—ionize incompletely,
contributing just a few ions,

Typical neutralization reaction
HCl + NaOH — H,0 + NaCl
Acid + Base — Salt Water

) )~
®+ (>
‘When acids and bases are

mixed they neutralize
each other. 1f an equal
concentration of acid and
base are mixed they make
neutral salt water.

“Neutralize that stomach acid” with an
antacid—a base! Antacids arc just bases.
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Plants and animals need water
close to neutral (pH 7) to survive.

Acid rain also eats away statues and historical
landmarks.

Due to pollution from combustion ‘The Roman ruins, the pyramids of Egypt, and

reactions, rain today can be other treasures of the world are being slowly
acidic. Raid less than pH 5.6 we dissolved away by acid rain. More damage
call acid rain. ‘has been done in the last century than in the

last 2,000 years.

Acid rain can kills piants, cause § . X o
asthma and other physical problems. ‘Without stopping pollution (and acid rain)

these treasures may be lost forever.

A. To mix acids and bases to cancel each L.pH . The measure of acids and bases.
other out and make salt water.
. A compound that adds & few OH— ions
. A compound that adds H+ ions to water. §2.Salt Water 10 water.

. Equal number of H+ and OH- ions; . . The product of a neutralization reaction
water is an example. 3. Strong Acid between an acid and a base.

. A compound that adds OH- jons to . A compound that adds a few H+ ions to
‘water. S water.

. When pollution causes rain to be acidic | 5. Weak Acid . A compound that adds a lot of H+ ions
(pH of less than 5.6). cak Ao to water.

Circle thecid) and underline the bases. Solution A (pH 4): Solution B (pH 2)

Hy{(COs) Which one has more H+ jons?

NaOH Which one has less OH- jons?

Ca(OH;
il Solution 4 (pH 11); Solution B (pH 13)

Acids or Bases? (belor) ‘Which one has more OH- ions?

Has fewer OH— ions: pHoflto7:

‘Which one has less H+ ions?

Has more H+ jons: pHof7to 14:
Finish this neutralization reaction: (balance the salt, too).
Has fewer H+ ions: Feels slippery:
HBr + Mg(OH) —
Has more OH- ions: Tastes sour:

@!he ones that are “Soluble”. the ones that are soluble in water.
Saturated Nenpolar molecules Ca0 K:0 ALOs
Insoluble Dissolves in water €O, NaF co

Polar molecules Doesn’t dissolve in water
What type of compounds are soluble?
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Strength of
Acids and Bases

The pH values of several common substances are listed below. Place each item from the list on the pH scale in its prop-
er location. The first one has been done for you.

0 1 2 3 4 5 6 7 8 9 10 pi ] 12 13 14

pure water 7.0 lemons 2.5 ammonia 11.5
ocean water 8.5 shampoo 5.8 eggs 7.8
tomatoes 4.0 bananas 5.2 soap 10.0

lye 13.8 blood 7.2 vinegar 3.0
stomach acid 1.0 milk of magnesia 10.5

Complete the table below by writing the name of each of the substances above under the proper heading. Place sub-
stances with a pH lower than 3.0 in the strong acids column. Place substances with a pH higher than 10.0 in the
strong bases column.

Strong acids Weak acids Strong bases

Answer the following questions on the lines provided.

1. Is pure water an acidic, basic, or neutral substance?

2. How does the pH of a strong acid compare with the pH of a weak acid?

-

3, How does the pH of a strong base compare with the pH of a weak base?

- ————

4. How does the pH of an acid compare to the pH of a base?

- —
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The Three Types of Radiation

Don't get mixed up between nuclear radiation (which is really dangerous) — and electromagnetic
radiation (which generally isn't so bad — unless you forget your sunblock). -
Gamma radiation is included in both, of course. e

You need to remember three things about each type of radiation:
1) What it actually is.
2) How well it penetrates materials.

3) How strongly it ionizes that material (that is, how much it bashes into atoms and knocks electrons off).
There's a pattern: The further the radiation can penetrate before hitting an atom and getting stopped,
the less damage it will do along the way, and so the less ionizing it is.

oha Particle iHe

1) Alpha particles are relatively big and heavy and slow-moving.
2) They therefore don't penetrate far into materials and are stopped quickly.

3) Because of their size they are strongly ionizing, which just means
they bash into a lot of atoms and knock electrons off them before
they slow down, which creates lots of ions — hence the term "ionizing."

1

Beta particles are in between alpha and gamma in terms of their properties.
2) They move quite fast and they are quite small (they're electrons).

)
)
3) They penetrate moderately before colliding, and are moderately ionizing too.
4) For every beta-particle emitted, a neutron turns to a proton in the nucleus.

1) Gamma rays are the opposite of alpha particles in a way.
2) They penetrate a long way into materials without being stopped.

3) This means they are weakly ignizing because they tend to pass through rather
than collide with atoms. Ev;ually they hit something and do damage.

They really like testing you on this, so make sure you know what it takes to block each of the three:

Alpha particles are blocked by paper.
Beta particles are blocked by thin aluminum.

Gamma rays are blocked by thick lead.

Of course, anything equivalent will also block them,
= for example, skin will stop alpha, but not the others:
a thin sheet of any metal will stop beta; and very

thick concrete will stop gamma just like lead does.

L1 mica 88 Skin or paper| “Thick lead
N

Learn the three types of radiation — it's easy as abc...
Alpha, beta, and gamma. You do realize those are just the first three letters of the Greek alphabet, don't
you: 0, B, y— just like a, b, c. They might sound like complex names to you, but they were just easy

labels at the time. Anyway, learn all the facts about them — and scribble.
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Radiation Hazards and Uses

1) Alpha, beta, and gamma radiation will cheerfully
enter living cells and collide with molecules.

2) These collisions cause ionization,
which damages or destroys the molecules.

3) Lower doses tend to cause minor damage without killing cells.
4) This can give rise to mutant cells that divide uncontrollably. This is cancer.
5) Higher doses tend to kill cells completely, which causes
radiation sickness if a lot of body cells all get blatted at once.
6) The extent of the harmful effects depends on two things:
a) How much exposure you have to the radiation.
b) The energy and penetration of the radiation, since some type: ;are more hazardous than others.

This is because beta and gamma can get inside to the delicate organs,
whereas alpha is much less dangerous because it can't penetrate the skin.

Inside the body alpha sources do all their damage in a very localized area.
Beta and gamma sources, on the other hand, are |ess dangerous inside the
body because they mostly pass straight out without doing much damage.

lonization is when an atom either loses or gains an
electron. It's as simple as that — just don't forget it.

This is a nice bit of straightforward learning. Below are three important uses of radioactive isotopes.
Make sure you learn all the details. In particular, make sure you understand how they choose what kind
of radioisotope to use, according to its half-life (see page 82) and the type of radiation it gives out.

Certain radioactive isotopes can be injected or swallowed — and their progress around the body can be followed using an
external detector. They must be yor B (never o), 50 that: the radiation passes out of the body. They should last orily a few
hours, g0 that the radioactivity inside the patient quickly disappears — so they should have a short half-life.

Since high doses of gamma rays wil kil allliving cells, they can be used to treat cancers. Although great care Is taken to
try to kill only the cancer cells, a fair bit of damage is inevitably also done to normal celis — which makes the patient feel
very ill. But people generally feel it's worth it if the cancer is successfully killed off.

Food can be exposed to a high dose of gamma rays that will kil all microbes, thus keeping the food fresh for longer. Medical
instruments can be sterilized in just the same way, rather than by boiling them. The great advantage of irradiation over
boiling is that it doesn't involve high temperatures, go things like fresh apples or plastic instruments can be totally
sterilized without excessive damage. The food isn't radioactive afterwards, though there could be some lose of nutrients.
The isotope uségtfor this needs to be a very strong emitter of gamma rays with a reasonably

long half-life (at least several months) so that it doesn't need replacing too often.

Radiation Sickness — well yes, it does all get a bit tedious...
Quite a few picky details here. It's easy to kid yourself that you don't really need to know all this stuff.
Well take it from me, you do. Cover the page, and write it all down — with all the picky details in.





image28.png
reams:

Period:

Atoms can be changed Denocritus believed there to be a smallest, indivisible particle: atomos.  In the early
20th century scientists Iearned that the atom is indeed divisible and even fusible.

Democritus believed there to be a smallest, indivisible particle: atomos. In the carly
All Atoms are mot Stable | 20 century sciontists leamed that the stom is indood divisible and fusible,

newtron  olectro-  Neutrons add strong,
Protons snd protan o magnetic  puclear foree withont
neutrons are / repulsion  yepelling the protons. Mase # protons+ pestrons
known as Since the strong nuclear N
nucleons dﬁ;rce only wur“k;lol;e:h::n 14
because stances even
nem'::y AL are too many protons and 6
micicus, Mhrce the repulsion wins. Over
- 83 protons and the nucleus Atomie #: protons
will undergo rudjoacsive
decay.

Kinds of Radiation There arc three kinds of radiation: alphs decay; beta decay; gamma rays.

Low energy particle. Helium muclens:
2 protons; 2 neutrons;
stopped by paper or skin

Atomic number: - 2 (protons)

Mass marcoer: - 4 2+ 20y, | U238 — Th234 + o (Alpha partcte)

A Neutron splits into a proton and an. Atomic nunber: +1

BetaDecay | lecwon. Stopped by clothes or wood. |  Mass number: no change

C-14 — N-14 + B (Beta particle)

High energy radistion.
Stopped by lead or many feet of No changes
concrete, Dangerous o fiving things.

If Fluorine 20 undergoes beta decay, what “This is the decay series for Uranium-238. (Atomic numbers are on the bottom.)
will it become? On each arrow put either a “a” for alpha™ decay or “B” for beta decay,

138 14 <N ™ 0
w U— ' Th— ' Pa— 5, U— |, Th—

ns w us 24 214 .
I Sulfur 34 vndergocs alpha decay, what will w Ra— 3 Rn— ", Po— 'y Pb— ', Bi—
it become?

% Po— i Pb— i Bi— " Po— 3 Pb
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3 ENRICHMENT WORKSHEET WORLD
Radiation and Medicine

Read the following paragraphs, and complete the exercises below.

Radiation has a variety of important applications in medicine. The most
common use of radiation in medicine is in the taking of X rays. X-ray pro-
cedures are useful for examining body parts of very high or very low den-
sity, such as bones or lungs. X rays are used mainly to diagnose diseases
and injuries rather than to cure them.

Nuclear medicine is used inside the body

Specialists in the field of nuclear medicine use radiation in a different way.
In nuclear medicine, small amounts of radioactive substances are intro-
duced into the body. The radioactive substance is designed to target a spe-
cific organ or area of the body. Special devices track the substance inside
the body, and computers use the resulting information to make highly ac-
curate three-dimensional images of the area. These images are much more
detailed than conventional X-ray images.

Interventional radiology

In another radiation treatment, called interventional radiology, doctors use
radiation imaging for guidance as they insert very small tubes directly into
the veins, arieries, or organs of patients. This method is much less expen-
sive and less dangerous than conventional surgery. It can be used to diag-
nose and treat diseases and to open blocked passageways in the body.

Radiotherapy

Radiotherapy is another common medical procedure, used in treating can-
cer. In radiotherapy, radiation is targeted directly at cancerous cells in the
body. The cancerous cells, which are usually more susceptible to radiation
than other cells, are destroyed. The other cells suffer fairly little damage.

Exercises

In each of the following exercises, suppose you are a physician who is trying
to decide which treatrment option is best for each patient.

1. What radiation treatment could be used to help a patient with a
blocked artery?

2. You suspect that a patient’s arm is broken. What type of radiation
might help you find out?

3. You have a patient with cancer. What type of radiation treatment might
destroy the tumor without doing too much harm to the healthy cells?
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uclear Fission and Fusio

Nuclear fission is used in nuclear power stations. It involves splitting a big atom into two smaller ones,
which releases energy. Nuclear f s where two small nuclei fuse together, which also releases energy.

As well as natural radioactive decay, stable nuclei can be made unstable by firing neutrons at them.

1) Uranium-235 (that means uranium where each atom has a total of 235 protons and neutrons)
is used in some nuclear reactors (and bombs). U-235 is actually quite stable, so it needs to be made
unstable before it'll split.

2) This is done by firing neutrons at the U-235 atom, A neutron joins the nucleus to create U-236,
which is unstable.

N Nl £
3) The U-236 then splits into two smaller atoms, ~ There are several ~
plus two or three fast-moving neutrons. = different pairs of ~

—atoms that U-236

7 canspltinto. ~
7 TR TR

This is fission.

1) To get a useful amount of energy, loads of U-235 atoms have to be split.
So neutrons released from previous fissions are used to hit other U-235 atoms.

2) These cause more atoms to (eventually) split, releasing even more neutrons, which hit even more
U-235 atoms... and so on and so on. This process is known as a chain reaction.

3) The fission of an atom of uranium releases loads of energy, in the form of the kinetic energy of the two
new atoms (which is basically heat).

1) Nuclear fusion is when two nuclei combine to make one larger nucleus — it happens naturally in stars.
2

Our Sun’s core contains hydrogen nuclei, which combine to make helium nuclei. fH 3 fH iy 3He +1n

@

This fusion of particles releases huge amounts of energy — because it
needs less energy for the protons and neutrons to exist as a bigger nucleus than as the two smaller nuclei.
It's all to do with binding energy — but that's pretty much all you need to know about it.

£

When the hydrogen in a star’s core runs out, the temperature of the core starts to rise.
In a big enough star it'll get hot enough to fuse heavier elements, starting with helium.

1) In nuclear reactions — energy, mass numbergand proton number are conserved.

2) But MASS IS NOT CONSERVED. Most peopl® have a bit of a problem with this bit.
And | can't say | blame them — | mean, let's face it, it doesn't make a lot of sense, does it: Mass
number is conserved, but mass isn't. Er... yeah, OK, whatever you say.
3) Anyway, | can make no apologies for the laws of science. I'll explain it with an example:
EITIENE T 1) There are the same number of protons and neutrons on both sides;
o R 2 that is, the mass number and proton number are conserved.

2) But when the thorium nucleus and a. particle are formed, their total mass is slightly less than the
mass of the uranium nucleus beforehand. This is called the mass defect.

3). Mass does not have to be conserved because of Einstein's famous equation, E = mc?

— which says that mass and energy are equivalent.

4) The energy released when the protons and neutrans bond together accounts for the missing mass.

Nuclear fission is useful — but it throws up its own set of problems...
The products left over after nuclear fission are generally radioactive, so they can't just be thrown away.

Sometimes they're put in thick metal containers, which are then placed in a deep hole, which is then filled
with concrete. But some people worry that the materials could leak out after a number of years. Hmm.
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Name:
Period:

The sun uses fusion }m s
Nucleat power There arc two types and is the source of ﬁ v
. plants use fission. / of nuclear reactions. \ all power on earth. = ‘?i
. B

Large atoms are split apart. Uranium is
split into smaller atoms.

Small atoms are fused together. Two

Nuclear Process hydrogen atoms are fused into a helium atom.

1 Ib completely fissioned Uranium = 5 _
6,000 barrels of oil = 1 km’ of sea water = more energy than all

1,000 tons high-quality coal 2B PrOed ) known fossil fuels in the world.

Toxic radioactive waste Perfectly safe Heli
that takes billions of years  { Waste Products ) yvn couid mak paliooas.
to decay until safe.

The real winner: nuclear fusion. So why don’t we use it? Fusion occurs in the sun. It takes
millions of degrees to even start fusion. So far we can’t control it. But scientists are working on it.

Half-life: the time it takes half of a radioactive substance to decay. Carbon-14 hasa
half-life of 5,730 years. In 5,730 years 100 kg of carbon-14 would reduce to 50 kg.
Unfortunately, a radioactive substance never decays to zero; there’s always a half more.

Scientist use the known half-life of carbon-14 to date plants, animals, and artifacts.

Carbon Dating By finding how much carbon-14 is in & sample, scientists know how old something is.

In fission a neutron must split an atom. This will produce another neutron to split
another atom and another neutron, etc. A chain reaction is like toppling dominos.

in Reactions

1. Alpha Particle . The largest natural element. Fuel | 1. Chain Reaction . Combining smaller atoms into
for fission reactors. larger atoms. Harmiess products;

Can best by wwood; stars use this.
. Can be stopped Y W ; occurs T
2. Gamma Ray when a neutron breaks into a 2. Fission . Splitting large atoms into smaller

proton and electron. ones. Toxic by-products.

3. Beta Particle . An atom that emits energy or a 3.Fusion . When one fission causes another
particle. and another, etc.

P . A helium nucleus (2 protons and 2 L . Using the known decay of an iso-
4. Radioactive neutrons); low in energy. 4. Half-life tope to determine the age of ob-
Jjects.

. Powerfu] radiation that can cause
5. Uranium biological damage; takes many 5. Carbon Dating . The time necessary for 50% of a
feet of concrete to stop. radioactive sample to decay.
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clear Equations and Half-Life '

active Decay

Unstable nuclei will decay and in the process give out radiation. This process is entirely randem.

This means that if you have 1000 unstable nuclei, you can't say when any one of them is going to decay,
and neither can you do anything at all to make a decay happen. Each nucleus will just decay quite
spontaneously in its own good time. It's completely unaffected by physical conditions, like temperature

or by any sort of chemical bonding.

When a nucleus does decay, it will spit out one
or more of the three types of radiation, alpha, .
beta, and gamma, and in the process the
nucleus will often change into a new element.

r Equations —

Nuclear equations are okay, | think. In the end it's just a case of making sure the mass numbers and
atomic numbers balance up on both sides, that's all. The tricky thing is remembering the mass- and

atomic numbers for @, B, and ¥ _particles, and neutrons too. Make sure you can do all of these easily:

1) Alpha Emission: | An g particle is just a helium nucleus, with mass number 4 and charge of +2: 3He

A typical alpha emission: ~ %gRa — %2Rn + 3He

2) Beta Emission: | A B particle is simply an electron, with mass number 0 and a charge of ~1: e

A typical beta emission: %C — "N+ Se

3) Gamma Emission: | A y-ray is a photon with mass number 0 and no charge: gy

After an alpha or beta emission, the nucleus sometimes has extra energy to get rid of. It does this by
emitting a gamma ray. Gamma emission never changes the atomic or mass numbers of the nucleus.

A typical combined

238 234, 4 0
e and yemission: 824~ “eolh igHe+ oy

1) This is pretty obvious when you think about it. Each time a decay happens, it means that one mbre
of the original radioactive nuclei has dis@pueared.

2) Obviously, as the unstable nuclei all stealily disappear,
the activity as a whole will also decrease. So the older a 2 :_)
s i e

sample becomes, the less radiation it will emit.

3) How quickly the activity drops off varies a lot. For some substances it takes just a few hours
before nearly all the unstable nuclei have decayed, whilst others last for millions of years.

4) The problem with trying to measure this is that the activity never reaches zero, which is why we
have to use the idea of half-life to measure how quickly the activity drops off.

5) Learn this important definition of half:

TIME TAKEN for HALF of
ms in a sample to DECAY.

Another definition of half-life is:
"The time taken for the activity (or count rate) to fall by half." Use either.

All very random...

| mean — it seems odd creating a universe full of weird things that are so unhappy that they'll spend
forever (literally) trying to be something else. Ah well — maybe it makes for interesting viewing.
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HALF-LIFE CALCULATIONS Name

Haif-life is the fime required for one-half of a radioactive nuclide to decay (change to
another element). it is possible to calculate the amount of a radioactive element that will
be left if we know its half-life.

Example: The half-life of Po-214 Is 0.001 second. How much
of a 10 g sample will be left after 0.003 seconds?

Answer: Calculate the number of half-lives:
0.003 seconds x _ 1 hdlflife = 3 halflives
0.001 second

After 0 half-lives, 10 g are left.
After 1 half-life, 5 g are left.
After 2 halfives, 2.5 g are left.
After 3 half-ives, 1.25 g are left.

Solve the following problems.

1. The half-life of radon-222 is 3.8 days. How much of a 100 g sample is left after
15.2 days?

Carbon-14 has a half-ife of 5,730 years. If a sample contains 70 mg originally, how
much is left after 17,190 years?

How much of a 500 g sample of potassium-42 is left after 62 hours? The half-life of
K-42is 12.4 hours?

. The half-life of cobalt-60 is 5.26 years. If 50 g are left after 15.8 years, how many
grams were in the original sample?

The half-life of 1-131 is 8.07 days. If 25 g are left after 40.35 days, how many grams
were In the original sample?

If 100 g of Au-198 decays to 6.25 g in 10.8 days, what is the half-life of Au-198?
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The Life Cycle of a Star

Read the following paragraphs, and complete the exercises below.

The life cycle of most stars lasts billions of years, and nuclear reactions
play an important role in this cycle. The first stage of the cycle occurs
when a cloud of gases, mostly hydrogen with some helium and trace
amounts of the heavier elements, gathers together because of gravitational
attraction. As the density of the cloud increases, pressure builds at the cen-
ter. This stage takes millions of years.

Nuclear fusion reactions take place in stars

In the second stage of a star’ life, the intense pressure at the center causes
a fusion reaction to occur: In this reaction, the nuclei of hydrogen atoms at
the center of the star fuse to form helium atoms. Some of the mass of the
hydrogen atoms is converted to energy, producing intense light and heat.

As the hydrogen at the core is transformed into helium, the fusion reac-
tion continues outward. The density of the star’s interior increases.
Eventually, the force of gravity is so strong that the helium fuses to form
heavier elements, such as carbon, oxygen, and—if the star is massive
enough—iron.

Stars of different mass die differently

After elements heavier than helium are formed, several things may happen,
depending on the original mass of the star. A relatively small star will even-
tually become a white dwarf, a very dense star that radiates little energy. A
larger star will explode as a supernova, creating heavier elements such as
uranium in the process.

If the core remaining after a supernova is large enough, it can become a
neutron star—a small, dead star as dense as the nucleus of an atom. An
even larger core will collapse to form a black hole, an object so massive
and dense that nothing, not even light, can escape from its gravity.

Exercises
1. What is the primary element in stars at the beginning of their lives?

2. Explain what happens to some of the mass when hydrogen fuses to
form helium.

3. Explain why only very massive stars can form heavy elements.
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A Remarkable Discovery

Read the following paragraphs, and complete the exercises below.

In 1947, two young Bedouin shepherds in the Dead Sea region were sur-
prised to find some very old jars in a cave. Inside the jars were fragments
of scrolls. After archaeologists examined the fragments, they realized that
the shepherds had made a remarkable discovery.

The fragments, which came to be known as the Dead Sea Scrolls, con-
tained the oldest surviving biblical manuscripts by almost 1000 years.
Using carbon-14 dating, scientists verified that the Dead Sea Scrolls dated
to sometime between the third century B.c. and the first century A.D.

Number of carbon-14 atoms

o 5370 10740 16110 21480
Years

Exercises

1. According to the graph, how many years does it take for the number of
atoms of carbon-14 in an organism to decrease to half their original
number?

2. If the Dead Sea Scrolls are thought to be, at the most, 2300 years old,
are there more or less than half of the original carbon-14 atoms left in
the scrolls?

3. If a sample known to be about 10 740 years old has 400 carbon-14
atoms, how many atoms were in the sample when the organism died?

4. Estimate how long it would take for the carbon-14 atoms of an organ-
ism to be reduced to 1/32 of their original number.
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Nuclear-Powered Space Probes

Read the following paragraphs, and complete the exercises below.

To generate electricity, some deep space probes carry a nuclear power gen-
erator called a radioisotope thermoelectric generator, or RTG. RTGs con-
vert the energy from a radioisotope, such as uranium-238, into electricity.
Unlike traditional nuclear reactors used in power plants, RTGs do not rely
on nuclear fission to produce energy. Instead, an RTG draws its power
from energy that is released during the nuclear decay of a radioisotope.

How an RTG works

As the name suggests, thermoclectric energy refers to a process of generat-
ing electricity from heat. The energy from radioactive decay is transferred
as heat to produce a difference in temperature between two different semi-
conductor materials. As the radioisotope decays, it gives off energy that
raises the temperature of one of the materials. When the two materials are
joined to form a circuit and one of the materials is at a higher temperature,
an electric voltage is produced. This voltage generates an electric current
in the circuit.

Besides being used to power the instruments and other functions on a
spacecraft, a radioisotope thermoelectric generator is also used to provide
electric power for deep-ocean probes and remote weather station instru-
ments.

Exercises
1. What does a radioisotope provide in the working of an RTG?

2. In an RTG, describe what causes the electric current to flow when two
semiconductor materials are connected in a circuit.

3. What is the advantage of using radioisotopes instead of fossil fuel or
solar energy to produce a temperature difference between the two
materials in an RTG?
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Radiochemistry

Read the following paragraphs, and complete the exercises below.

Radiochemists use the properties of radioactive isotopes to further our un-
derstanding of chemistry. The radioactive isotopes of stable elements have
most of the properties that the stable element has. As a result, radio-
chemists can use devices that measure radioactivity to learn about sub-
stances.

Isotope dilution techniques

One isotope dilution technigue uses mass spectrometry to determine the
concentration of a specific compound in a mixture. First, radiochemists
make a radioactive sample of the compound to be measured. Next, they
add this radioactive sample, called a spike, to the mixture. Then, a small
portion of this mixture is analyzed.

The mass spectrum of the mixture will have the spectrum of the com-
pound of interest combined with the spectrum of the spike. Because the con-
centration of the radioactive spike is known, the mass of the compound of
interest in the mixture can be calculated from the ratio of the two spectra.

Analyzing chemical reactions

To analyze chemical reactions, radiochemists begin reactions with a
radioactive reactant. When the reactants combine, the radioactivity of the
products can be measured. The radiochemists can determine the rate of re-
action, the purity of the product, and other factors.

Neutron activation analysis

This technique is used to determine how much of a certain element is pre-
sent in a specific compound or mixture. Scientists know how to convert an
element into its radioactive isotopes. When they convert a compound or
mixture, the element of interest becomes radioactive. The radioactivity can
be measured to determine how much of the element is present.

Exercises
1. What does a radiochemist do?

2. In which technique is one of the elements in a substance made
radioactive?

3. Explain one way that chemical reactions can be analyzed using radio-
chemistry.
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STRUCTURES AND PROPERTIES OF MATTER, CONTINUED

STRUCTURE OF WATER

The chemical formula for water is H,O, which means that each water molecule has
two hydrogen atoms covalently bonded to a single oxygen atom. The diagram shows
the arrangement of these atoms in the water molecule. Notice in Figure 15-1 that the
hydrogen atoms are arranged with the oxygen atom to form a specific angle. The
hydrogen ators in all water molecules form this same angle. Each hydrogen—oxy-
gen bond results from the sharing of two electrons.

Structure of water
Figure 15-1

Recall that atoms farther to the right on the periodic table have a greater
electronegativity—the tendency of an atom to attract electrons when combined
with another atom. Oxygen is found in Group 16 of the periodic table, while hy-
drogen is in Group 1. Because oxygen has greater electronegativity than hydrogen,
the bonding electrons in the water molecule are more strongly attracted to the
oxygen atom than the two hydrogen atoms. This unequal sharing of the bonding
electrons gives the hydrogen atoms in the molecule a partial positive charge and
the oxygen atom a partial negative charge. The result is that water is a polar mol-
ecule—a molecule that has partial positive and negative charges. Look at the dot-
ted lines in Figure 15-2. These lines represent attractions between the hydrogen
atoms and the oxygen atoms on neighboring water
molecules. These attractions result from the partial
charges on the atoms of each water molecule.

The polarity of its molecules makes water an
extremely effective solvent, a substance that dis-
solves other substances to make a solution. Many
substances will dissolve in water.

Substances other than ions will interact with
water molecules too. Many polar molecules are
attracted to the polarity of water molecules and
therefore dissolve in water.

Polar alignment of
water molecules
Figure 15-2




