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Chapter 2 
Atoms and Elements 

SOLUTIONS TO ODD-NUMBERED END OF CHAPTER 

PROBLEMS 

 

2.1  Why does the nucleus of an atom have a positive charge? 

 

 It consists of protons (positive charge) and neutrons (no charge). 

 

2.3 Describe the structure of an atom. 

 

 An atom is constructed from three subatomic particles: protons (1+ charge, 1 

 amu), neutrons (no charge, 1 amu), and electrons (1- charge, 1/2000 amu). 

 Protons and neutrons make up the nucleus. Electrons are located outside of the 

 nucleus.  The masses stated above are approximate. 

 

2.5 One amu equals 1.66054 x 10P

-24
P g. 

 

a. 1.00867 g of neutrons is how many amu? 

 

Using the conversion factor derived from the equality given in the question: 

 

23

-24

1 amu
1.00867 g    x        =    6.07435 x 10  amu

1.66054 x 10  g
 

 

b. 1.00867 g of neutrons is how many neutrons? 

 

A neutron has a mass of 1.00867 amu according to Table 2.1.  Expressing this as 

a conversion factor and using the results from above, we have 

 

23

-24

1 amu 1 neutron
1.00867 g    x        x        =    6.02214 x 10  neutrons

1.66054 x 10  g 1.00867 amu

 

2.7 Give the atomic symbol for each element 

 

 a. lithium       Li 

 

 b. bromine    Br 

  

 c. boron B 

 

 d. aluminum Al 
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 e. fluorine F 

 

2.9 Give the name of each element. 

 

 a. Be  beryllium 

 

 b. Ne  neon 

 

 c. Mg  magnesium 

 

 d. P  phosphorus 

 

2.11 How many protons and neutrons are present in the nucleus of each? 

 

 The number of protons is equal to the atomic number.  The number of neutrons is 

 equal to the mass number minus the atomic number. 

 a. 19

9 F                 9 protons, 19 - 9 = 10 neutrons  

 b. 23

11Na  11 protons, 23 - 11 = 12 neutrons 

 c. 238

92 U  92 protons, 238 - 92 = 146 neutrons 

 

2.13 Which of the following statements do not accurately describe isotopes of an 

 element? 

 

 a. same number of protons 

 

 b. same mass number 

 

 c. same atomic number 

 

Isotopes are atoms of the same element that have the same number of protons but 

a different number of neutrons. Since the number of protons and atomic number 

are the same thing, then answers a and c are correct. The mass number would not 

be the same for isotopes of an element. 

 

 Choice b, the same mass number, would not accurately describe isotopes of an 

 element. 

 

2.15 In nature, the element chlorine exists as two different isotopes 35

17 Cl  and 37

17 Cl . 

 The atomic weight of chlorine is 35.5 amu. Which chlorine isotope predominates? 

  

 Atomic weight is the average mass of the atoms of an element, as it is found in 

 nature.  For chlorine, the average mass is closer to 35 than 37. 

.  

   35

17 Cl isotope predominates. 

 



 30 

2.17 Name and give the atomic notation for an isotope that has 65 protons and 83 

 neutrons. 

 

 Element 65 on the periodic table is terbium, Tb. To get the mass number, add the 

 number of protons and neutrons (65  + 83 = 148). The atomic notation symbol is 

 148

65Tb .    

 

 terbium-148, 148

65Tb  

 

2.19 Calculate the number of protons, neutrons, and electrons in each neutral atom. 

 

 The number of protons is equal to the atomic number.  The number of neutrons is 

 equal to the mass number minus the atomic number.  For a neutral atom, the 

 number of electrons is equal to the number of protons. 

 

 a. 24

12Mg        12 protons,  24-12 = 12 neutrons, 12 electrons 

 

 b. 55

25Mn  25 protons,  55-25 = 30 neutrons, 25 electrons 

 

 c. 64

30 Zn  30 protons,  64-30 = 34 neutrons, 30 electrons 

 

 d. 74

34Se  34 protons,  74-34 = 40 neutrons, 34 electrons 

 

2.21 Complete the table. 

 

Name    Helium   Chlorine  Iron 

 

Atomic Symbol  3

2 He    34

17 Cl    56

26 Fe  

 

Number of Protons  2   17   26  

 

Number of Neutrons  1   17   30 

 

Atomic Number  2   17   26 

 

Mass number   3   34   56  

 

2.23 Which of the two atoms is the most metallic? 

 

The metallic character of elements increases as you move to the left across a 

period and down a group on the periodic table. 

 

 a. Al and Si       Al ( it is farther to the left than Si) 
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 b. Ca and Mg     Ca (it is farther down the column than Mg) 

 

2.25 Arrange each set of three atoms in order of size (largest to smallest). 

 

 Atomic size decreases as you move to the right across a period and up a group on 

 the periodic table. 

 

 a. I, F, and Br      I > Br > F 

 

 b. Ne, F, and O  O > F > Ne 

 

2.27 List some of the physical properties of nonmetals. 

 

 They are poor conductors of heat and electricity. As solids they are nonlusterous 

 and brittle. 

 

2.29 a.   List the elements in group 5A by name and atomic symbol. 

 b.   Specify whether each is a metal, semimetal, or nonmetal. 

  

 UNameU    UAtomic SymbolU   UCategoryU  

 

 Nitrogen    N    nonmetal 

 Phosphorous    P    nonmetal 

 Arsenic    As    semimetal 

 Antimony    Sb    semimetal 

 Bismuth    Bi    metal 

 

2.31   In nature, vanadium (V) is found as two isotopes. 

 

 Isotope    Mass (amu)    Percentage 

 

 vanadium-50   50.9440    99.75 

 vanadium-51   49.9472    0.25 

 

Use this information to calculate the atomic weight of this element. 

 

The atomic weight of an element is the average mass of all the atoms of that 

element as it is found in nature.  Using the percentages given above and 

converting them to a decimal fraction, the atomic weight is calculated as: 

 

atomic weight   =   (50.9440) (0.9975) + (49.9472) (0.0025)   =   50.9415 amu 

 

51 amu if rounded off to 2 significant figures. 
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2.33 What is the 

 

 a. atomic weight of helium (He)? 

 

 The answer is found under the He symbol on the periodic table. 

  

  4.00 amu (rounded to two decimal places)  

 

 b. molar mass of helium? 

 

The molar mass of an element is numerically equal to its atomic weight but 

expressed in g/mol. 

 

4.00 g/mol 

 

c. mass (in grams) of 5.00 mol of helium? 

 

 One mole of He has a mass of 4.00g. 

 

 5.00 SmolS    x    U4.00 gU      =    20.0 g  

                         1 SmolS 

 

 d. mass (in grams) of 0.100  mol of helium? 

 

 One mole of  He has a mass of 4.00g. 

 

 0.100 SmolS    x    U4.00 gU      =   0.400 g  

                           1 SmolS 

 

 e. mass (in grams) of 6.02 x 10P

23
P helium atoms? 

 

  One mole of He has a mass of 4.00g and contains 6.02 x 10P

23
P atoms. 

 

 6.02 x 10P

23
P SatomsS x           U1 USUmolUS               x           U4.00 gU      =    4.00 g  

                                          6.02 x 10P

23
P SatomsS                 1 SmolS 

 

 

2.35 How many atoms are present in 2.00 mol of aluminum? 

 

  One mole of aluminum contains 6.02 x 10P

23
P atoms. 

 

 2.00 Smol  S    x     U6.02 x 10UPU

23
UPU atomsU       =    1.20 x 10P

24
P atoms  

                                       1 SmolS 
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2.37 a. What is the atomic weight of sulfur (S)? 

 

 Looking under the symbol S on the periodic table you can find the atomic weight.  

   

 32.1 amu (rounded to one decimal place) 

 

 b. How many sulfur atoms are contained in 32.1 g of sulfur? 

 

 One mole of sulfur (6.02 x 10P

23
P atoms) has a mass of 32.1 g. 

 

 32.1 SgS   x      U1 USUmol US   x      U6.02 x 10UPU

23
UPU atomsU    =  6.02 x 10P

23
P atoms  

           32.1 SgS      1 SmolS 

 

2.39 How many atoms are contained in the following? 

 

 a. 1.0 mol of carbon 

 

 One mole of carbon contains 6.02 x 10P

23
P atoms. 

 

 b. 1.22 x 10P

-9
P mol of carbon 

 

  1.22 x 10P

-9
P SmolS   x     U6.02 x 10UPU

23
UPU atomsU   =  7.34 x 10P

14
P atoms  

                       1 SmolS 

 c. 12.0 g of carbon 

 

 One mole of carbon atoms has a mass of 12.0 g and contains 6.02 x 10P

23
P atoms. 

 

 12.0 Sg S   x    U1 USUmolUS      x    U6.02 x 10UPU

23
UPU atoms      U=    6.02 x 10P

23
P atoms  

               12.0 SgS              1 SmolS 

 

 d. 4.5 ng of carbon 

 

 1 ng = 1.0 x 10P

-9
P g 

 

 4.5 SngS  C     x      U1 x 10UPU

-9
UP Sg S     x    1 SmolS    x    6.02 x 10P

23
P atoms  =  2.26 x 10P

14
P atoms  

                  SngS                   12.0S gS                 1 Smol S 

 

2.41 In 3.45 mg of Fe there are how many 

 

a. grams of Fe? 

 

-3

3

1.00 g
3.45 mg    x        =    3.45 x 10  g Fe or 0.00345 g Fe

1.00 x 10  mg
 

 

b. moles of Fe? 
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1 mole of Fe has a mass of 55.85 g: 

 

-3 -51.00 mol Fe
3.45 x 10  g Fe    x        =    6.18 x 10  mol Fe

55.85 g Fe
 

 

c. Fe atoms? 

 

1 mole of Fe contains 6.02 x 10P

23
P Fe atoms 

    

 
23

-5 196.02 x 10  Fe atoms
6.18 x 10  mol Fe    x        =    3.72 x 10  Fe atoms

1.00 mol Fe
 

 

2.43 Write a balanced nuclear equation for each process. 

 

To find the atomic number of an isotope produced in the nuclear reaction, the 

atomic number of the  emitted particle is subtracted from the atomic number of 

the original radioisotope. Looking this number up on the periodic table gives the 

atomic symbol of the newly produced isotope. The mass number of the emitted 

particle is subtracted from the mass number of the original radioisotope to  give 

the new mass number.  

 

 a. 187

80Hg  emits an alpha particle         187

80Hg    →  183

78Pt    +  4

2  

  

 b. 266

88Ra  emits an alpha particle 266

88Ra     →   222

86Rn    +   4

2  

  

 c. 238

92 U  emits an alpha particle    238

92 U       →   234

90Th      +   4

2  

 

2.45 Identify the missing product in each nuclear equation. 

 

To find the atomic number of the particle produced in the nuclear reaction, the 

atomic number of the  emitted particle is subtracted from the atomic number of 

the original radioisotope. Looking this number up on the periodic table gives the 

atomic symbol of the newly produced isotope. The mass number of the emitted 

particle is subtracted from the mass number of the original radioisotope to give 

the new mass number.  Remember that for some types of nuclear radiation, 

including , , P

+
P and , charge can be treated as an atomic number.  

  

 a. 14

8O   → ?  + 0

1

    

  

 14

8O   → 14

7 N   +  0

1

  

 

 b. 3

1H    →   3

2 He     +   ?    
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 A  particle has a charge of 1- and a mass number of 0. 

 

 3

1H    →  3

2 He     +   0

1   

 

 c. 14

6C      →   ?     +  0

1    

 14

6C      →  14

7 N     +  0

1   

2.47  a. Write a balanced nuclear equation for the loss of an alpha particle from 35

16S . 

To find the atomic number of the particle produced in the nuclear reaction, the 

atomic number of the  emitted particle is subtracted from the atomic number of 

the original radioisotope. Looking this number up on the periodic table gives the 

atomic symbol of the newly produced isotope. The mass number of the emitted 

particle is subtracted from the mass number of the original radioisotope to  give 

the new mass number.   

 

  35

16S  →    31

14Si      +   4

2  

 b. Write a balanced nuclear equation for the loss of a beta particle from 27

12Mg . 

 Remember for a beta particle, charge is treated as an atomic number.     

   

   27

12Mg      →  27

13Al     +  0

1             

2.49 a. In the type of nuclear decay called electron capture, an electron from an 

atom’s electron cloud falls into the nucleus.  Iodine-128 undergoes electron 

capture to produce an x ray and another product.  Write a balanced nuclear 

reaction for this process. 

 
128

53 I      +   0 -

-1e    →  ?   +   0

0 x ray  

128

53I      +   0

1e



   →  128

52Te    +   0

0 x ray  

b. Write a balanced nuclear equation for loss of a positron from iodine-128. 

 
128

53I      →  128

52Te    +   0

1    

 

c. Looking only at the new atom formed from the reactions in parts a and b of this 

question, is it possible to tell electron capture from beta emission? 
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No.  Because 128

52Te  is formed in each case, it is not possible to tell electron 

capture from beta emission by looking only at the new atom formed. 

 

2.51 Smoke detectors contain an alpha emitter. Considering the type of radiation 

 released and the usual placement of a smoke detector, do these detectors pose a 

 radiation risk? Explain.   

 

 No. Since alpha particles travel only 4 -5 cm in air and smoke detectors are 

 usually on the ceiling, the risk of exposure to alpha radiation is small. 

 

2.53 Radioisotopes used for diagnosis are beta, gamma, or positron emitters. Why are 

 alpha emitters not used for diagnostic purposes? 

 

 Alpha particles are relatively large and do not penetrate tissue very deeply.

 Radiation emissions must be able to pass through the body and reach a detector to 

 be useful for diagnostic purposes. 

 

2.55  197

80Hg , a radioisotope used in brain scans, has a half-life of 66 hours. 

 a. Beginning with a 1.00 mg sample of this isotope, how many milligrams of the 

 isotope will remain after 264 hours? 

 

 After one half-life (66 hours), 1.00 mg will be reduced to 0.500 mg.  After a 

 second half-life (66 + 66 = 132 hours), the 0.500 mg will have decayed to 0.250 

 mg.  After a third half-life (66 + 66 + 66 = 198 hours), the 0.250 mg will be 

 reduced to 0.125 mg and after a fourth half-life ( 66 + 66 + 66+ 66 =264 hours), 

 the 0.125 mg will be reduced to 0.0625 mg. 

  

  0.0625 mg  

 

 b. This isotope decays by emitting 1 neutron ( 1

0 n ) and 1 gamma ray ( 0

0 ). Write a 

 balanced nuclear reaction for this decay process. 

 

 To find the atomic number of the isotope produced in the nuclear process, the 

 atomic numbers of the emitted radiation are subtracted from the atomic number of 

 the original radioisotope.  Looking this number up on the periodic table gives the 

 atomic symbol of the newly produced radioisotope. The mass numbers of the 

 emitted radiation are subtracted from the mass number of the original radioisotope 

. 

  

 197

80Hg                196

80Hg    +   1

0 n    +   0

0   

 

2.57 52

26 Fe , a positron emitter with a half-life of 8.2 hours, is used for PET bone 

marrow scans. 
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a. Write a balanced nuclear equation for this radioactive decay. 

 
52 52 0 +
26 25 1MnFe β   

 

b. The detector used for this scan measures gamma rays.  How is the release of 

positrons connected to the formation of gammarays? 

 

When a positron is emitted by the 52
26 Fe  radioisotope, it collides with an 

electron from a nearby atom.  This collision destroys both the positron and the 

electron, resulting in the release of two gamma rays. 

 

c. Assuming that this radioisotope is eliminated from the body only by 

radioactive decay, how much time must elapse before a patient contains just 

25% of an administered dose of 52

26 Fe ? 

 

16.4 hours.  The half-life of the 52
26 Fe  radioisotope is 8.2 hours.  After 1 half-

life (8.2 hours), 50% of the administered dose remains.  After 2 half-lives 

(16.4 hours), half of the remaining 50% will decay, bringing the quantity of 

the radioisotope inside the patient down to 25% of the administered dose. 

 

d. The product of 52

26 Fe  positron decay is a radioisotope that emits positrons.  

Write a balanced nuclear equation for the decay of this product. 

 

The product of the 52
26 Fe  decay is the 52

25 Mn  radioisotope.  The decay by 

positron emission of this radioisotope is described by: 

 
52 52 0 +
25 24 1Mn Cr β   

 

 

2.59 Explain the italicized terms in the following sentence.  A fission chain reaction is 

self-sustaining when a critical mass of fissile material is present. 

 

In fission, the nucleus of an atom splits to produce two smaller nuclei, neutrons, 

and energy.  In a chain reaction, one or more of the products can initiate another 

cycle of the reaction.  A critical mass is the minimum amount of radioactive 

material needed for a nuclear reaction to continue.  Fissile material can undergo 

fission. 

 

2.61 a. The United States stopped reprocessing fuel rods in the 1970’s because of 

safety concerns.  Since that time, spent fuel rods have been stored at nuclear 

reactor sites.  What might those safety concerns have been? 
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Reprocessing can yield radioactive material suitable for use in nuclear weapons.  

If security at a reprocessing plant is lax, or if the spent fuel rods must be 

transported to a reprocessing site, it might be possible for some individual or 

group to steal enough material to make a nuclear weapon. 

 

b. In an energy plan released in 2006, it was proposed that reprocessing be 

restarted in the United States and the United States would accept spent fuel rods 

from other countries.  What would be some benefits of this proposed plan? 

 

Reprocessing would reduce the amount of radioactive material stored at nuclear 

reactor sites. 

 

2.63 One plan for ITER is to use neutrons produced by fusion to “breed” tritium from 

lithium-6.  The tritium, in turn, can be used as a fuel for fission.  Write a balanced 

nuclear reaction for this reaction of lithium-6 with a neutron to produce tritium. 

 
6 1 3 4
3 0 1 2Li n H He    

 

2.65 a. Table 2.3 lists the RDA for some elements and the AI for others.  Why? 

 

AI (Adequate Intake) is used when RDA (Recommended Daily Allowance) 

values are not available. 

 

b. Which is a better measure of the amount of nutrient needed to meet a person’s 

dietary needs, RDA or AI?  Explain. 

 

RDA is a better measure because it is defined as the daily intake of a nutrient that 

is sufficient to meet the needs of 97-98% of healthy people.  AI, on the other 

hand, is the daily intake believed to be sufficient to meet the needs of people, but 

which percentage of people is unknown. 

 

2.67 The nutrition facts label on a box of macaroni and cheese says that one serving 

contains 20% of the daily recommended amount of calcium.  Assuming that this 

value refers to adults, to how many milligrams of calcium does this correspond? 

(See Table 2.3.) 

 

Table 2.3 does not give a value for the recommended daily allowance (RDA) for 

calcium for adults.  Therefore, we will use the AI value given in the table which is 

1300 mg/day for Ca.  If one serving of macaroni and cheese supplies 20% of the 

RDA (AI in this calculation) for calcium, then the amount in milligrams of 

calcium provided by this one serving can be calculated as follows.  Express 20% 

as the fraction 20/100 and then multiply the AI value for calcium by this fraction: 

 

20
1300 mg Ca 260 mg Ca

100
x   
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2.69 a. One of two techniques described in this Health Link is considered “invasive”.  

What do you suppose is meant by this term? 

 

Invasive refers to the fact that the imaging technique requires something (x rays in 

this case) to penetrate the body. 

 

b. To which technique does this term apply? 

 

CT 

 

c. In some cases, the images produced by CT and MRI are quite similar.  If given 

a choice, which would you rather have run? 

 

This is a matter of personal choice.  There are potential risks associated with 

exposure to x rays, so some people may not want a CT scan run.  Many MRI 

devises are quite confining – some may not prefer that experience. 

 

2.71 A nurse is assisting a patient who has just undergone cancer treatment that 

 involved exposure to gamma radiation from cobalt-60. Should the nurse be 

 concerned that he will be exposed to gamma radiation given off by the patient? 

  

 No. The patient contains no cobalt-60 and will not give off gamma radiation. 

 

2.73 How many atoms are contained in: 

 

 a. 1.0 mol of calcium? 

 

6.02 x 1023 atoms of calcium.  One mole of any element contains 6.02 x 1023 

atoms 

 

 b. 7.88 x 10-6 mol of calcium? 

 

 

      7.88 x 10-6 mol Ca    x     6.02 x 1023 atoms   =  4.74 x 1018 atoms 

        1        1 mol 

 

 c. 7.88 g of calcium? 

 

 1 mol =   6.02 x 1023 atoms  and 1 mol = 40.0 g of Ca  therefore: 

 

 7.88g Ca   x    1 mol      x    6.02 x 1023 atoms      =    1.18 x 1023 Ca atoms       

              40.0 g                    1 mol 

  

 d. 5.2 mg of calcium? 
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1 mol =   6.02 x 1023 atoms  and 1 mol = 40.0 g of Ca  and 1 g = 103 mg 

 therefore: 

 

 5.2 mg  Ca    x    1 g    x    1 mol    x    6.02 x 1023 atoms  =  7.8 x 1019 atoms  

      1   103 mg        40.0 g                 1 mol 

  

 



 41 

 
SOLUTIONS TO EVEN NUMBERED END OF CHAPTER 

PROBLEMS 

 

 

SECTION 2.1  ATOMS 

 

 

2.2 Why is most of the mass of an atom located in the nucleus? 

 

Answer:   

The nucleus of an atom is composed of protons and neutrons.  These two subatomic 

particles are much more massive than the electrons.  Therefore, most of the mass of an 

atom is in the nucleus. 

 

2.4 One amu equals 1.66054 x 10-24 g. 

a. 1.00728 g of protons is how many amu? 

b. 1.00728 g of protons is how many protons? 

 

a. Using the conversion factor derived from the equality 1 amu = 1.66054 x 10-24 g: 

 

23

-24

1 amu
1.00728 g    x        =    6.06598 x 10  amu

1.66054 x 10  g
 

 

b.  From Table 2.1, a proton has a mass of 1.00728 amu.  Expressing this as a conversion 

factor and using the results from above, we have 

 

23

-24

1 amu 1 proton
1.00728 g    x        x        =    6.02214 x 10  protons

1.66054 x 10  g 1.00728 amu
 

 

 

SECTION 2.2  ELEMENTS 

 

2.6 Give the atomic symbol for each element. 

a. hydrogen 

b. helium  

c. chlorine 

d. oxygen 

 

Answer: 

Refer to Table 2.2 of the text for the symbols and names of some common elements. 

 

a. H 

b. He 

c. Cl 
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d. O 

 

 

2.8 Give the name of each element. 

a. N 

b. C 

c. Sn 

d. Ag 

 

Answer: 

a. nitrogen 

b. carbon 

c. tin 

d. silver 

 

 

2.10 The following elements are among those that are required in the diet.  Give the 

name of each. 

a. I  

b. Na   

c. Fe 

 

Answer: 

a. iodine 

b. sodium 

c. iron 

 

 

SECTION 2.3  ATOMIC NUMBER AND MASS NUMBER 

 

 

2.12 How many protons and neutrons are present in the nucleus of each? 

a. 
133

54
 Xe (used to detect lung malfunctions) 

b. 
75

34
 Se (used in pancreas scans) 

c. 
84

37
 Rb (used to measure cardiac output) 

 

Answer: 

In the atomic notation, the superscript gives the mass number and the subscript gives the 

atomic number.  The mass number is the sum of the number of protons and the number of 

neutrons.  The atomic number is equal to the number of protons.  To get the number of 

neutrons, subtract the number of protons from the mass number. 

 

a. mass number = 133  atomic number = 54 
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number of protons  = atomic number = 54 protons 

number of neutrons  = mass number – number of protons = 133 – 54 = 79 neutrons  

 

b. mass number = 75  atomic number = 34 

 

number of protons  = 34 protons 

number of neutrons  = 75 – 34 = 41 neutrons 

 

c. mass number = 84  atomic number = 37 

 

number of protons  = 37 protons 

number of neutrons  = 84 – 37 = 47 neutrons 

 

 

2.14  Which of the following statements do not accurately describe the isotopes of an 

element? 

 a. same atomic symbol 

b. same number of neutrons 

c. same number of protons and neutrons 

 

Answer: 

Isotopes are atoms of an element that have different numbers of neutrons.  Because they 

are the same element, they have the same atomic symbol.  Because isotopes do not have 

the same number of neutrons, they do not have the same number of protons and neutrons. 

 

Therefore, the statements that are not accurate are: 

b. same number of neutrons 

c. same number of protons and neutrons 

 

 

2.16 In nature, the element neon exists as three different isotopes: 
20

10
 Ne,  

21

10
Ne, and 

22

10

Ne.  The atomic weight of neon is 20.2 amu.  Which neon isotope predominates? 

 

Answer: 

Ne
20
10 . The atomic weight of a given element is the average of all the atomic weights of its 

isotopes.  The mass number of the isotope that predominates would be closest to the 

average atomic weight.  The Ne
20
10  isotope predominates because its mass number is 20, 

which is closest to the average atomic weight of 20.2 amu. 

 

 

2.18 Calculate the number of protons, neutrons, and electrons in each neutral atom. 

a. 
4

2
 He 

b. 
37

17
 Cl 

c. 
222

86
 Rn 
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d. 
40

20
 Ca 

 

Answer: 

The atomic notation gives the mass number, which is the total number of protons and 

neutrons, and the atomic number, which is the number of protons.  In a neutral atom, the 

number of protons is equal to the number of electrons. 

 

a. mass number = 4  atomic number = 2 

 

number of protons  = 2 protons 

number of neutrons  = 4 – 2 = 2 neutrons 

number of electrons  = number of protons = 2 electrons 

 

b. mass number = 37  atomic number = 17 

 

number of protons  = 17 protons 

number of neutrons  = 37 – 17 = 20 neutrons 

number of electrons  = 17 electrons 

 

c. mass number = 222  atomic number = 86 

 

number of protons  = 86 protons 

number of neutrons  = 222 – 86 = 136 neutrons 

number of electrons  = 86 electrons 

 

d. mass number = 40  atomic number = 20 

 

number of protons  = 20 protons 

number of neutrons  = 40 – 20 = 20 neutrons 

number of electrons  = 20 electrons 

 

 

2.20 Complete the table. 

 

Answer: 

Name    Calcium  Carbon   Copper 

 

Atomic symbol   40

20Ca    13

6C     63

29Cu  

 

Number of protons  20   6   29  

 

Number of neutrons  20   7   34 

 

Atomic number  20   6   29 
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Mass number   40   13   63  

 

 

SECTION 2.4  PERIODIC TABLE 

 

 

2.22  Which of the two atoms is the most metallic? 

a. Na and Cl 

b. O and Te 

 

Answer: 

Refer to the periodic table and find where the elements are located.  The farther they are 

to the left of the metal-nonmetal transition line (“zigzag” line), the more metallic they 

are.  Elements to the right of this line are nonmetals.  Another way of thinking of this is 

that the farther left in a period or the farther down a group, the more metallic the element 

is. 

 

a. Na.  Na is found in the leftmost column of the periodic table and is more metallic than 

Cl (a nonmetal) which is to the right of the transition line. 

b. Te.  Te is found closer to the right of the transition line than O and therefore is more 

metallic. 

 

 

2.24 Arrange each set of three atoms in order of size (largest to smallest). 

a. Na, P, and Al 

b. O, Se, and S 

 

Answer: 

The atomic size of the elements decreases from left to right within a period and increases 

from top to bottom within a group.  

 

a. Na > Al > P 

b. Se > S > O 

 

 

2.26 List some of the physical properties of metals. 

 

Answer: 

Some physical properties of metals are: good conductors of heat and electricity, shiny, 

malleable, and ductile. 

 

 

2.28 Name an element that belongs to each group. 

a. a halogen 

b. an inert gas 

c. an alkaline earth metal 
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d. an alkali metal 

 

Answer: 

The halogens are Group 7A elements, the inert gases are found in Group 8A, the alkaline 

earth metals belong to Group 2A, and the alkali metals are Group 1A metals. 

 

a. fluorine, chlorine, bromine, iodine, or astatine 

b. helium, neon, argon, krypton, xenon, or radon 

c. beryllium, magnesium, calcium, strontium, barium, or radium 

d. lithium, sodium, potassium, rubidium, cesium, or francium 

 

 

2.30 a.   List the elements in the second period by name and atomic symbol. 

 b.   Specify whether each is a metal, semimetal, or nonmetal. 

 

Answer: 

Name    Atomic Symbol   Category 

 

Lithium    Li       metal 

Beryllium    Be           metal 

Boron     B    semimetal 

Carbon     C    nonmetal 

Nitrogen    N    nonmetal 

Oxygen    O    nonmetal 

Fluorine    F    nonmetal 

Neon     Ne    nonmetal 

 

 

*2.32   In nature, nickel (Ni) is found as five isotopes. 

 

 Isotope    Mass (amu)    Percentage 

  

 nickel-58   57.9353    68.27 

 

 nickel-60   58.9302    26.10 

 

 nickel-61   60.9310    1.13 

 

 nickel-62   61.9283    3.59 

 

 nickel-64   63.9280    0.91 

 

Use this information to calculate the atomic weight of this element. 

  

Answer: 
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The atomic weight of an element is the weighted average mass of all the atoms of that 

element as it is found in nature.  Using the percentages given above and converting them 

to decimal fractions, the atomic weight is calculated as: 

 

atomic weight   =    

(57.9353) (0. 6827) + (58.9302) (0.2610)  +  (60.9310) (0. 0113) + (61.9283) (0.0359) + 

(63.9280) (0.0091)   

=   58.43 amu 

 

 

SECTION 2.5  THE MOLE 

 

 

2.34 What is the 

a. atomic weight of magnesium (Mg)? 

b. molar mass of magnesium? 

c. mass (in amu) of 100 Mg atoms? 

d. mass (in grams) of 6.02 x 10
23

 Mg atoms? 

e. mass (in grams) of 3.00 mol of Mg? 

 

Answer: 

Refer to the periodic table for the atomic weight of magnesium and use this number to 

calculate the other quantities. 

 

a. 24.305 amu 

b. 24.305 g/mol 

c. To calculate the mass of 100 Mg atoms, use the equivalence 1 Mg atom = 24.305 

amu: 

 

100 Mg atoms
24.305 amu

1 Mg atom
 2430.5 amu  

 

d. 24.305 g.  The quantity 6.02 x 1023 Mg atoms is equivalent to 1 mole of Mg atoms.  

The mass of 1 mole of Mg atoms is equal to its atomic weight given in grams, which 

is 24.305 g.  

e. Use the equivalence 1 mol Mg = 24.305 g to calculate the mass of 3.00 moles of Mg 

atoms: 

 

3.00 mol Mg
24.305 g

1 mol Mg
 72.9 g  

 

 

2.36 How many atoms are present in 0.47 mol of uranium? 

 

Answer: 
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Use the equivalence 1 mol U = 6.02 x 1023 U atoms: 

 

0.47 mol U
236.02 x 10  U atoms

1 mol U
 232.8 x 10 U atoms  

 

 

2.38 a. What is the atomic weight of carbon (C)? 

 b. How many carbon atoms are contained in 32.1 g of carbon? 

 

Answer: 

a. 12.011 amu 

b. Use the following equivalences: 1 mol C = 12.011 g and 1 mol C = 6.02 x 1023 C 

atoms: 

 

32.1 g C
1 mol C


12.011 g C

236.02 x 10  C atoms

1 mol C
 241.61 x 10 C atoms

 

 

 

2.40 How many atoms are contained in the following? 

a. 1.0 mol of fluorine 

b. 1.22 x 10-9 mol of fluorine 

c. 12.0 g of fluorine 

d. 4.5 ng of fluorine 

 

Use the following equivalences to solve for the quantities required: 

 

1 mol F = 18.998 g 1 mol F = 6.02 x 1023 F atoms 

 

a. 1.0 mol F
236.02 x 10  F atoms

1 mol F
 236.0 x 10 F atoms  

 

 

b. 
23

-9 6.02 x 10  F atoms
1.22 x 10  mol F

1 mol F
 147.34 x 10 F atoms  

 

c.

 

12.0 g F
1 mol F


18.998 g F

236.02 x 10  F atoms

1 mol F
 233.80 x 10 F atoms  

 

d.  First convert 4.5 ng to its equivalent in grams and then use the equivalences given 

above: 
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4.5 ng F
91 x 10 g


1 ng

1 mol F


18.998 g F

236.02 x 10  F atoms

1 mol F
 141.4 x 10 F atoms

 

 

2.42 In 7.71 g of Zn there are how many 

 

a. grams of Zn? 

b. moles of Zn? 

c. Zn atoms? 

 

Answer: 

a. 
-6

-61 x 10  g
7.71 g    x        =    7.71 x 10  g Zn

1 g



 

 

b. 1 mole of Zn has a mass of 65.39 g: 

 

-67.71 x 10  g Zn 
1.00 mol Zn

   x    
65.39 g Zn

-7    =    1.18 x 10  mol Zn  

 

c. 1 mole of Zn contains 6.02 x 1023 Zn atoms 

    

 
23

-7 166.02 x 10  Zn atoms
1.18 x 10  mol Zn    x        =    7.10 x 10  Zn atoms

1.00 mol Zn
 

 

 

SECTION 2.6  RADIOACTIVE ISOTOPES 

 

 

2.44 Identify the missing product in each nuclear equation. 

a.   
32

15
 P     ?  +  

0

1
 

+
 

b.   
40

19
 K     ?  +  

0

-1
  

c.   40

19
 K    

40

18
 Ar  +  ?   

 

Answer: 

In balancing nuclear equations, the sum of the mass numbers and the sum of the charges 

on atomic nuclei and subatomic particles must be the same on both sides of the equation.   

 

a.  32 0
15 1P   32

14 Si  

 

b.  40 0
19 1K   40

20Ca  
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c.  40 40
19 18K Ar  0 +

1 β  

 

 

2.46   a. Write the balanced nuclear equation for the loss of an alpha particle from 
203

83
 Bi. 

 b. Write the balanced nuclear equation for the loss of a positron from 
17

9
 F. 

 

Answer: 

 

a. The loss of an alpha particle results in the loss of 2 neutrons and 2 protons: 

 
203 199 4
83 81 2Bi Tl    

 

b. The loss of a positron results in the loss of 1 proton but no change in the mass number: 

 
17 17 0

9 8 1OF β   

 

 

2.48   
197

80
 Hg, a beta and gamma emitter, is used for brain scans.  Write a balanced 

equation for the loss of 1 beta particle and 1 gamma ray from this radioisotope. 

 

Answer: 

The loss of a beta particle results in the loss of 1 neutron and the gain of 1 proton.  The 

loss of a gamma ray results in no change in the mass number and charge of the original 

isotope. 

 

 
197 197 0 0

80 81 1 0TlHg      

 

 

2.50 In a radioactive decay series, one radioisotope decays into another, which decays 

into another, and so on.  For example, in fourteen steps uranium-238 is converted 

to lead-206.  Starting with uranium-238, the first decay in this series releases an 

alpha particle, the second decay releases a beta particle, and the third releases a 

beta particle.  Write balanced nuclear equations for these three reactions. 

 

Answer: 

238 234 4
92 90 2U Th He   

234 234 0
90 91 1Th Pa    

234 234 0
91 92 1Pa U    
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SECTION 2.7  RADIOISOTOPES IN MEDICINE 

 

 

2.52 A nurse is assisting a patient who has just undergone radiation therapy in which a 

radioisotope was administered intravenously.  To ensure her own safety, what 

information might the nurse want to have regarding the radioisotope? 

 

Answer: 

To minimize the risks of exposure to radiation, the nurse might want to know what type 

of radiation was used in the patient’s radiation therapy.  Different types of radiation 

involve different levels of energy and have different half-lives.  These factors determine 

how far the radiation can travel in the air, its ability to penetrate surrounding matter, and 

how long the radioisotopes will remain hazardous.  Knowing these will help the nurse 

decide how best to protect herself to ensure her safety. 

 

 

2.54 
59

26
 Fe, a beta emitter with a half-life of 45 days, is used to monitor iron 

metabolism. 

a. Write a balanced nuclear equation for this radioactive decay. 

b. How much time must elapse before a patient contains just 25% of an 

administered dose of 
59

26
 Fe, assuming that this radioisotope is eliminated from 

the body only by radioactive decay? 

 

Answer: 

 

a. 59 59 0
26 27 1CoFe β   

 

b. 90 days.  The half-life of the iron radioisotope is 45 days.  After 45 days, only 50% of 

the administered dose is left in the patient.  After another 45 days, only half of the 

50% remaining dose is left.  Half of the 50% dose left is 25% of the original.  

Therefore, it takes 90 days for the amount of administered dose to go down to 25% of 

the original. 

 

 

2.56 Given a 16 mg sample of 
222

86
 Rn and a 4 mg sample of 

131

53
 I, which will decay to 

just 1 mg faster?  Refer to Table 2.5 for the half-life of each isotope. 

 

Answer: 

Table 2.5 in the text gives the following half-lives for the radon and iodine radioisotopes 

as shown below.  To simplify our calculations, assume that the half-life for the radon 

radioisotope is  about 4 days and that the half-life for the iodine radioisotope is  about 8 

days.  The table below shows the progression of the decay for each radioisotope.  Note 

that, even though the half-life of 131
53I  is about twice as long as that of 222

86Rn , because the 
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original amount of it was only one quarter as much, the two isotopes will decay to 1 mg 

at approximately the same time.  However, because the half-life of 222
86Rn  is actually 

shorter than 4 days and the half-life of 131
53I  is actually longer than 8 days, 222

86 Rn will 

decay to 1 mg first. 

 

 222
86Rn  (half-life = 3.8 days) 131

53I  (half-life = 8.1 days) 

Original amount 16 mg 4 mg 

After 4 days 8 mg  

After 8 days 4 mg 2 mg 

After 12 days 2 mg  

After 16 days 1 mg 1 mg 

SECTION 2.8  FISSION AND FUSION 

 

 

2.58 Uranium – 235 can take part in other fission reaction than the one shown earlier in 

the chapter.  Two of these nuclear reactions are shown below.  Supply the missing 

product for each. 

 
235 1 103 1
92 0 42 0U n Mo ? 2 n     

235 1 91 1
92 0 36 0U n Kr ? 3 n     

Answer: 
Determine what the atomic number and the mass number of the missing product is by balancing the equation. 

 
131
50Sn is the missing product for the first nuclear reaction.  

 

For the first reaction, 235 1 103 1
92 0 42 0U n Mo ? 2 n    , the atomic number of the 

missing product is calculated from 92 + 0 = 42 + ? + (2 x 0).  In this case, the atomic 

number of the missing product (?) is 50.  The mass number can be calculated from 235 + 

1 = 103 + ? + ( 2 x 1) which gives 131.  Using the atomic number to determine the 

element, the missing product is therefore: 

 
235 1 103 1
92 0 42 0U n Mo 2 n   131

50Sn  

 

Using the same procedure as above, the missing product for the second nuclear reaction 

is 142
46Ba : 

 
235 1 91 1
92 0 36 0U n Kr 3 n   142

46Ba  
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2.60 Plutonium-239 has a half-life of 24,000 years.  If nuclear waste containing this 

radioisotope is stored today, what year will it be when the required 20 half-lives 

have passed and the waste is considered safe? 

 

Answer: 

To answer this question, calculate the total number of years equivalent to 20 half-lives.  

Add this number of years to the current year to determine the year when the waste is 

considered safe.  If the current year is 2007, then: 

 

2007 + (20 x 24,000 years) = 482, 007. 

 

So, in the year 482,007, the waste can be considered safe. 

 

 

2.62 In a fission reactor fueled by uranium, energy is released when a neutron 

encounters uranium-235.  Although uranium-238, which makes up about 97% of 

the uranium in fuel rods, does not undergo fission, in three steps it can be 

transformed into plutonium-239, a fissile material.  Complete each nuclear 

equation. 

 
238 239
92 92U ? U   

239 239
92 93U Np ?   

(half-life = 23.5 minutes) 

239 239
93 94Np Pu ?   

(half-life = 2.36 days) 

 

Answer: 

Determine the missing particle by balancing each equation 

 
238 239
92 92U U 1

0 n  

239 239
92 93U Np  0

-1e  

(half-life = 23.5 minutes) 

239 239
93 94Np Pu  0

-1e  

(half-life = 2.36 days) 
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2.64 Complete the fusion nuclear equations. 

 

a. 2 2 1
1 1 1H H p ?    

b. 3 4 1
2 2 1He ? He 2 p    

c. 13 4 1
6 2 0C He n ?    

d. 3 4 1
1 2 0H ? He 2 n    

 

Answer: 

Determine the missing particle by balancing each equation 

 

a. 2 2 1
1 1 1H H p   3

1 H  

b. 3 4 1
2 2 1He He 2 p  3

2 He  

c. 13 4 1
6 2 0C He n   16

8O  

d. 3 4 1
1 2 0H He 2 n  3

1 H  

 

 
HEALTH LINK Dietary Reference Intakes  (DRIs) 

 

 

2.66 In NAS dietary tables the dietary reference intakes for selenium and iodine are 

reported in micrograms per day, rather than the milligrams per day given in Table 

2.3.  For these two elements, convert the values in Table 2.3 into micrograms per 

day. 

 

Answer: 

For selenium, the RDA given in Table 2.3 is 0.055 mg/day. 

 
-3

-6

mg 10  g 1 g g
0.055 55

day 1 mg 10  g day

 
    

 

For selenium, the UL given in Table 2.3 is 0.40 mg/day. 
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-3
2

-6

mg 10  g 1 g g
0.40 4.0 x 10

day 1 mg 10  g day

 
    

 

For iodine, the RDA given in Table 2.3 is 0.15 mg/day 

 
-3

-6

mg 10  g 1 g g
0.15 150

day 1 mg 10  g day

 
    

 

For iodine, the UL given in Table 2.3 is 1.1 mg/day 

 
-3

3

-6

mg 10  g 1 g g
1.1 1.1 x 10

day 1 mg 10  g day

 
    

 

 

2.68  

a. “Cholesterol Marker” describes using MRI to look for arterial plaque.  Why is 

the presence of plaque in arteries a concern? 

b. What role does the particle similar to HDL play in the technique that is 

described? 

 

Answer: 

a. It can rupture, causing heart attack or stroke. 

b. The particle targets plaque and is combined with a material that is visible to MRI 

scans.  This allows MRI to be used to identify plaque. 

 

 

THINKING IT THROUGH 

 

 

2.70 What are the pros and cons (both long term and short term) of using radiation to 

treat cancer? 

 

Answer: 

The high energy associated with radiation has been shown to be effective in killing 

cancerous cells and mitigating the progress and symptoms of this disease.  In 

combination with other cancer therapies like chemotherapy, it is a powerful tool for 

treating cancer patients.  However, because radiation does not discriminate between 

healthy versus cancerous cells, healthy cells are killed as well, which could lead to 

undesirable health effects.  Radiation therapy also comes with other side effects: hair 

loss, nausea, and loss of white blood cells.  It also has some disadvantages to health care 

workers who administer radiation therapy because of the risks of exposure to radiation. 
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2.72 In late 2006, a former Russian spy was poisoned when a small amount of 

polonium – 210 was put in his food.  He died a few weeks later. 

a. Polonium-210 emits alpha particles.  Write a balanced nuclear reaction for this 

process. 

b. This radioisotope has a half-life of 138 days.  Of a 2 g sample, how much 

would remain after 5 half-lives? 

c. If alpha particles can be blocked by a sheet of paper (Figure 2.13), why is 

polonium – 210 so poisonous? 

 

Answer: 

a. 210 4 206
84 2 82Po He Pb   

 
b.  

 210
84 Po  (half-life = 138 days) 

Original amount 2 g 

After the 1st half-

life 
1 g 

After the 2nd 

half-life 
0.5 g 

After the 3rd half-

life 
0.25 g 

After the 4th half-

life 
0.125 g 

After the 5th 

half-life 
0.06 g 

 

c. The alpha particles are capable of breaking certain chemical bonds within the body 

which could affect important biochemical processes.  Since polonium-210 was ingested 

by the victim the fact that the alpha particles do not penetrate well does not reduce their 

harmful effects once inside the body. 

 

 

INTERACTIVE LEARNING PROBLEMS 

 

 

2.74 Identify the missing product in each nuclear equation. 

a.  20 0
12 1Mg   ?  

 

b.  152 148
67 65Ho Tb  ?  

 

c.  31 0
14 -1Si β ?  

 

Answer:  
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a.  20 0
12 1Mg   20

11 Na  

 

b.  152 148
67 65Ho Tb  4

2α  

 

c.  31 0
14 -1Si β 31

15 P  
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