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Chapter 4: Review Questions 

Basic Questions 
 
4.1 Physical and Conceptual Models 
1. If a baseball were the size of the Earth, about how large would its atoms be?

2. What is the difference between a physical model and a conceptual model?

4.2 Discovering of the Electron 
3.Why is a cathode ray deflected by a nearby electric charge or magnet?

4. What did Thomson discover about the electron?

5. What did Millikan discover about the electron?

Solutions to odd numbered questions at the end of this document
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4.3 Discovering the Atomic Nucleus 
6. What did Rutherford discover about the atom?

7. To Rutherford’s surprise, what was the fate of a tiny fraction of alpha particles in the gold-foil experi-
ment?

8. What kind of force prevents atoms from squishing into one another?

4.4 Protons and Neutrons 
9. What role does atomic number play in the periodic table?

10. Distinguish between atomic number and mass number.

11. Distinguish between mass number and atomic mass.
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4.5 Light Is  a Form of Energy 
12. Does visible light constitute a large or small portion of the electromagnetic spectrum?

13. What does a spectroscope do to the light coming from an atom?

4.6 Atomic Spectra and the Quantum 
14. What causes an atom to emit light?

15. Why do we say atomic spectra are like fingerprints of the elements?

16. What was Planck’s quantum hypothesis?

17. Did Bohr think of his planetary model as an accurate representation of what an atom looks like?
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4.7 Electrons Exhibit Wave Properties 
18. Who first proposed that electrons exhibit the properties of a wave?

19. About how fast does an electron travel around the atomic nucleus?

20. How does the speed of an electron change its fundamental nature?

4.8 Orbitals and Energy-Level Diagrams 
21.How many electrons can reside in a single atomic orbital?

22. What two elements are represented by these two energy-level diagrams?

 
 
 
 
 
 
23. What element has the electron configuration: 1s22s22p3?
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24. What atomic orbitals comprise the third shell?

4.9 The Shell Model and Periodic Table 
25. Which electrons are most responsible for the properties of an atom?

26. What is the relationship between the maximum number of electrons each shell can hold and the 
number of elements in each period of the periodic table?

27. What is effective nuclear charge?

28. How would you know from looking at the periodic table that oxygen, O (atomic number 8), mole-
cules are smaller than nitrogen, N (atomic number 7), molecules?

29. What happens to the strength of the electric force with increasing distance?
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Quantitative Questions 
 
30. A class of 20 students takes an exam and every student scores 80 percent. What is the class aver-
age? Would the class average be slightly less, the same for slightly more if one of the students instead 
scored 100 percent? How is this similar to how we derived the atomic masses of elements?

31. The isotope lithium-7 has a mass of 7.0160 atomic mass units, and the isotope lithium-6 has a 
mass of 6.0151 atomic mass units. Given the information that 92.58 percent of all lithium atoms found 
in nature are lithium-7 and 7.42 percent are lithium-6, show that the atomic mass of lithium, Li (atom-
ic number 3) is 6.941 amu

32. The element bromine, Br (atomic number 35), has two major isotopes of similar abundance, both 
around 50 percent. The atomic mass of bromine is reported in the periodic table as 79.904 atomic 
mass units. Choose the most likely set of mass numbers for these two bromine isotopes: 
 
(a) 80Br, 81Br (b) 79Br, 80Br (c) 79Br, 81Br.

33. Rank the three subatomic particles in order of increasing mass: 
 
 a) the neutron        b) the proton   c) the electron

34. Consider these atoms: helium He, chlorine Cl, and argon Ar. Rank them in terms of their atomic 
number, from smallest to largest.
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35. Consider three 1-gram samples of matter: A, carbon-12; B, carbon-13; C, uranium-238. Rank them 
in terms of having the greatest number of atoms, from least to most.

36. Rank these energy-level diagrams for a fluorine atom in order of increasing energy, from lowest to 
highest. 

37. Consider these atoms: helium He, aluminum Al, argon, Ar. Rank them, from smallest to largest: 
(a) in order of size and (b) in order of the number of protons.

38. Consider these atoms: potassium K, sodium Na, and lithium Li. Rank them in order of the ease 
with which they lose a single electron, from easiest to most difficult.

39. Rank these atoms in order of the number of electrons they tend to lose, from fewest to most:   
Sodium Na, Magnesium Mg, Aluminum, Al.
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40. Rank these atoms in order of ionization energy from lowest to highest: technetium, Tc, number 43; 
indium, In, number 49; aluminum, Al, number 13.

Challenging Questions 
 
4.1 Physical and Conceptual Models 
41. Would you use a physical model or a conceptual model to describe the following: a gold coin, a 
dollar bill, a car engine, air pollution, a virus, the spread of sexually transmitted disease?

42. What is the function of an atomic model?

43. Why is it not possible for a scanning probe microscope to make images of the inside of an atom?

4.2 Discovering of the Electron 
44. If the particles of a cathode ray had a greater mass would the ray be bent more or less in a mag-
netic field.

45. If the particles of a cathode ray had a greater electric charge, would the ray be bent more or less in 
a magnetic field?
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46. Thousands of magnetic marbles are thrown into a large vertically oriented wind tunnel. As they 
are thrown, the marbles clump together in groups of varying numbers. The wind tunnel operator is 
able to control the upward force of the wind so as to make different clumps of marbles hover. Nota-
bly, heavier clumps require greater upward forces. She records the various forces of wind required 
to maintain hovering clumps in units of ounces: 45, 30, 60, 75, 105, 35, 80, 55, 90, 20, 65. From this 
data, what might be the weight of a single magnetic marble? The single marble is analogous to what 
within Millikan’s experiment? What is the force of the wind analogous to?

4.3 Discovering the Atomic Nucleus 
47. You roll 100 marbles—one by one and in random directions—through an empty cereal box lying 
face-down on the floor. They all pass through except for three, which bounce back. Is there a large or 
small obstruction stuck within the cereal box?

48. Why did Rutherford assume that the atomic nucleus was positively charged?

49. Which of the following diagrams best represents the size of the atomic nucleus relative to the size 
of the atom:
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50. How does Rutherford’s model of the atom explain why some of the alpha particles directed at the 
gold foil were deflected straight back toward the source?

51. Is the head of a politician really made of 99.99999999% empty space?

4.4 Protons and Neutrons 
52. Which contributes more to an atom’s mass: electrons or protons? Which contributes more to an 
atom’s size?

53. If two protons and two neutrons are removed from the nucleus of an oxygen-16 atom, a nucleus 
of which element remains?

54. Evidence for the existence of neutrons did not come until many years after the discoveries of the 
electron and the proton. Give a possible explanation.

55. What is the approximate mass of an oxygen atom in atomic mass units? What is the approximate 
mass of two oxygen atoms? How about an oxygen molecule, O2?
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56. What is the approximate mass of a hydrogen atom in atomic mass units? How about a water mole-
cule?

57. Which is heavier, a water molecule, H2O or a carbon dioxide molecule, CO2?

58. Is the percentage of heavy water in rain greater than, equal to, or less than the percentage of 
heavy water in the oceans? Please Explain.

4.5. Light Is a Form of Energy 
59. What color is white light?

60. What color do you see when you close your eyes while in a dark room? Explain. 

61. Do radio waves travel at the speed of light, at the speed of sound, or at some speed in between?
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4.6 Atomic Spectra and the Quantum 
62. What particle within an atom vibrates to generate electromagnetic radiation? This particle is vi-
brating back and forth between what?

63. How might you distinguish a sodium-vapor street light from a mercury-vapor street light?

64. How can a hydrogen atom, which has only one electron, create so many spectral lines?

65. Which color of light comes from a greater energy transition within an atom: red or blue?

4.7 Electrons Exhibit Wave Properties 
66. How does the wave model of electrons orbiting the nucleus account for the fact that the electrons 
can have only discrete energy values?

67. Some older cars vibrate loudly when driving at particular speeds. For example, at 65 mph the car 
may be most quiet, but at 60 mph the car rattles uncomfortably. How is this analogous to the quan-
tized energy levels of an electron in an atom?
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68. Energy reveals itself in the form of a wave. Wherever you see a wave, there is some form of energy 
present. How does mass reveal itself?

4.8 Orbitals and Energy-Level Diagrams 
69. Which energy-level diagram for carbon shown below represents a greater amount of energy?

70. Beyond the s, p, d, and f orbitals are the g orbitals whose shapes are even more complex. Why are 
the g orbitals not commonly discussed by chemists?

71. Which has greater potential energy: an electron in a 3s orbital or an electron in a 2p orbital? How 
about an electron in the 4s orbital compared to the 3d orbital?
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72. Fill in these three energy-level diagrams. Why do these three elements have such similar chemical 
properties? Note: electrons entering an orbital type, such as the three 2p orbitals, won’t start pairing 
until each orbital has at least one electron.

73. Which requires more energy: boosting one of lithium’s 2s electrons to the 3s orbital, or boosting 
one of beryllium’s 2s electrons to the 3s orbital?

74. What do the 4s, 4p, and 3d orbitals have in common?

75. Write out the electron configurations for the following atoms: Phosphorus, P (atomic number 15), 
Arsenic, As (atomic number 33), and Antimony, Sb (atomic number 51). What do these configurations 
have in common?
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76. How is the following graphic similar to the energy-level diagram of Figure 4.30? Use it to explain 
why a gallium atom, Ga (atomic number 31), is larger than a zinc atom, Zn (atomic number 30):

 
 
4.9 The Shell Model and Periodic Table 
77. Does a shell have to contain electrons in order to exist?

78. Place the proper number of electrons in each shell:

 
 
 
 
 
 
 
 



© Conceptual Chemistry by John Suchocki

79. Use the shell model to explain why a potassium atom, K, is larger than a sodium atom, Na.

80. Use the shell model to explain way a potassium atom, K, and a sodium atom, Na, have such similar 
chemical properties.

81. What is the approximate effective nuclear charge for an electron in the outermost shell of a flu-
orine atom, F (atomic number 9)? How about one in the outermost shell of a sulfur atom, S (atomic 
number 16)?

82. Why is it more difficult for fluorine to lose an electron than for sulfur to do so?

83. Which of the following concepts underlies all the others: ionization energy, effective nuclear 
charge, atomic size?

84. The electron configuration for sodium is 1s22s22p63s1. In which of these orbitals do the electrons 
experience the greatest effective nuclear charge? How about the weakest effective nuclear charge?
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85. Neon, Ne (atomic number 10), has a relatively large effective nuclear charge, and yet it cannot 
attract any additional electrons. Why not?

86. Use the shell model to explain why a lithium atom, Li, is larger than a beryllium atom, Be.

87. It is relatively easy to pull one electron away from a potassium atom but very difficult to remove a 
second one. Use the shell model and the idea of effective nuclear charge to explain why.

88. Why might one of cesium’s electrons not be very attracted to cesium’s nucleus, which has a charge 
of +56?

Discussion Questions  
 
89. If matter is made of atoms and atoms are made of subatomic particles, what comes together to 
create subatomic particles? Where might you find such information?
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90. Astronomical measurements reveal that about 90 percent of the mass of the universe is invisible 
to us. This invisible matter, also known as dark matter, is likely to be “exotic” matter—very different 
from the elements that make up the periodic table. We know the dark matter is there because of its 
gravitational effects, but scientists can only guess as to its nature. What do you think dark matter 
might be made of? How soon might we know the answer? (Search LUX.Brown.edu) 
 
 

Solutions to Chapter 4 Review

Atomic mass of chlorine

Mass of hydrogen atom in grams

(1.0079 amu)(1.661 x 10-24 g / 1 amu) = 1.674 x 10-24 g

Mass of water molecule in grams

Two hydrogen atoms: 3.348 x 10-24 g
One oxygen atom: 2.657 x 10-23 g
_____________________________
One water molecule: 2.992 x 10-23 g

Number of water molecules in 1 gram

(1.000 g H2O)(1 molecule H2O / 2.992 x 10-23 g) = 3.342 x 1022

Solution to Calculation Corner, Calculating Atomic Mass
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Solutions to Odd Numbered Review Questions

Basic Questions 
 
4.1 Physical and Conceptual Models 
1. The atoms in the baseball would be the size of ping pong balls if the baseball were the size of Earth.

4.2 Discovering of the Electron 
3.The ray itself is negatively charged since it is a stream of electrons.

5. Millikan discovered the fundamental increment of all electrical charge to be 1.60 x 10-19 Coulombs.

4.3 Discovering the Atomic Nucleus 
7. Rutherford found that a few of the alpha particles were scattered backwards.

4.4 Protons and Neutrons 
9. Elements are listed in the periodic table in order of increasing atomic number.

11. Mass number is the count of the number of nucleons in an isotope. Atomic mass is a measure of 
the total mass of an atom.

4.5 Light Is a Form of Energy 
13. A spectroscope separates the light into color components whose frequencies can then be mea-
sured.

4.6 Atomic Spectra and the Quantum 
15. The atoms of each element emit only select frequencies of light. The pattern of these frequencies 
is unique to that element.

17. No, Bohr’s model merely illustrated the different energy levels of an electron in an atom.

4.7 Electrons Exhibit Wave Properties 
19. An electron moves around the nucleus at around 2 million meters per second.

4.8 Orbitals and Energy-Level Diagrams 
21. Two.

23. Nitrogen
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4.9 The Shell Model and Periodic Table 
25. The electrons in the outer most shell of an atom are the ones most responsible for the properties 
of an atom.

27. Inner-shell electrons diminish the attraction outer-shell electrons have for the nucleus. The 
strength of the nuclear charge is also diminished for outer-shell electrons because they are farther 
away from the nucleus. This diminished nuclear charge experienced by outer-shell electrons is called 
the effective nuclear charge.

29. The electric force weakens with increasing distance.

Quantitative Questions 
 
31. Mass Fraction of (amu) Abundance

 Mass of Li-6 6.0151 x 0.0742 = 0.446 
Mass of Li-7 7.0160 x 0.9258 = 6.495   
                                                                                                                 6.941 amu

33. c  <  b  <  a

35. uranium-238  <  carbon-13  <  carbon-12

37a. helium <  argon  <  aluminum

37b. helium < aluminum < argon

39. sodium, loses 1 electron  <  magnesium loses two electrons  <  aluminum loses 3 electrons

Challenging Questions 
 
4.1 Physical and Conceptual Models 
41. Many objects or systems may be described just as well by a physical model as by a conceptual 
model. In general, the physical model is used to replicate an object or system of objects on a different 
scale. The conceptual model, by contrast, is used to represent abstract ideas or to demonstrate the 
behavior of a system. Of the examples given, the following might be adequately described using a 
physical model: a gold coin, a car engine, and a virus. The following might be adequately described 
using a conceptual model: a dollar bill (which represents wealth but is really only a piece of paper), air 
pollution, and the spread of a sexually transmitted disease.
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43. The scanning probe microscope (SPM) only shows us the relative sizes and positions of atoms. It 
does this by detecting the electrical forces that occur between the tip of the SPM needle and the out-
er electrons of the atom. Recall from Section 3.5 that the atom itself is made of mostly empty space. 
So, the best “image” of the inside of an atom would be a picture of nothing. So, it doesn’t make sense 
to talk about taking an “image” of the inside of an atom. Instead, we develop models that provide a 
visual handle as to how it is that the components of atoms behave.

4.2 Discovering of the Electron 
45. If the particles had a greater charge, they would be bent more because the deflecting force is di-
rectly proportional to the charge. (If the particles were more massive, they would be bent less by the 
magnetic force—obeying the law of inertia.)

4.3 Discovering the Atomic Nucleus 
47. That only three of the 100 marbles bounced back suggests a small obstruction within the cereal 
box. Perhaps the cereal box is fixed to the floor by a narrow nail still sticking up from the floor. This is 
similar to the line of thinking Rutherford used to conclude that each atom consists of an extremely 
small, densely packed, positively charged center, which he named the atomic nucleus.

49. The one on the far right where the nucleus is not visible.

51. Yes, as is everyone else’s and everything around you. We interact with our environment, like bump-
ing our head against a cabinet, because of the repulsive electric fields that prevent atoms from over-
lapping one another. 

4.4 Protons and Neutrons 
53. The remaining nucleus is that of Carbon-12.

55. From the periodic table we see that an oxygen atom has a mass of about 16 amu. Two oxygen 
atoms have a mass of about 32 amu, as does a single oxygen molecule, O2.

57. A water molecule, H2O, has a mass of about 18 amu, while a carbon dioxide molecule, CO2, has a 
mass of about 44 amu. So a carbon dioxide molecule is more than twice as heavy as a water molecule.

4.5. Light Is a Form of Energy 
59. White light is not really a color. Rather, it is what we perceive when all the frequencies of visible 
light come to the eye at the same time.

61. Radio waves are a form of electromangetic radiation, which travels at the speed of light (300,000 
km/s).
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4.6 Atomic Spectra and the Quantum 
63. Observe the atomic spectra of each using a spectroscope.

65. Blue light comes from a greater energy transition within an atom.

4.7 Electrons Exhibit Wave Properties 
67. The dimensions of the car and the nature of the materials of the car dictate that there will be cer-
tain frequencies that reinforce themselves upon vibration. When the vibration of the tires matches the 
car’s “natural frequency” the result is a resonance, which is are self-reinforcing waves. The wave nature 
of the car, however, is simply due to the back and forth vibrations of the materials of the car. The wave 
nature of the electron, on the other hand, is entirely different. For the electron moving a very high 
speeds, some of its mass is converted to energy, which is manifest in its wave nature. Given the di-
mensions of the atom, certain frequencies of the electron will also be “natural”, that is, self-reinforcing. 
The vibrating car, therefore, is analogous to one of the energy levels of the electron, which is the point 
at which the electron forms a self-reinforcing standing wave.

4.8 Orbitals and Energy-Level Diagrams

69. The diagram on the right show a greater amount of energy. Note that in going from the left to 
right diagram that an electron from the 2s orbital has jumped into the third 2p orbital. This process 
would require the input of energy.

71. An electron in a 3s orbital has more potential energy than an electron in a 2p orbital. An electron 
in a 3s orbital has more potential energy than an electron in a 2p orbital. These answers are obtained 
by reading the energy-level diagram. The variations have to do with the complications that arise from 
having more than one electrons orbiting around the nucleus. You can learn more about that in a more 
advanced chemistry course.

73. The difference between these two transitions is that the beryllium has a stronger nuclear charge. 
Boosting beryllium’s electron away from the nucleus, therefore, requires more energy.
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75. Shown below are the long and shorthand notations for the electron configurations for phospho-
rus, arsenic, and antimony. What these configurations have in common is that they all end with three 
electrons in the outermost p orbitals.

Phosphorus, P 1s22s22p63s23p3 
Arsenic, As 1s22s22p63s23p64s23d104p3 
Antimony, Sb 1s22s22p63s23p64s23d104p65s24d105p3 
 
Phosphorus, P [Ne] 3s23p3 
Arsenic, As [Ar] 4s23d104p3 
Antimony, Sb [Kr] 5s24d105p3

4.9 The Shell Model and Periodic Table 
77. A shell is just a region of space in which electrons may reside. This region of space exists with or 
without the electrons. The space defined by the shell exists whether or not an electron is to be found 
there.

79. Both the potassium and sodium atoms are in group 1 of the periodic table. The potassium atom, 
however, is larger than the sodium atoms because it contains an additional shell of electrons.

81. The approximate effective nuclear charge for any electron can be calculated by subtracting the 
number of inner shell electrons from the number of protons in the nucleus. The effective nuclear 
charge for an outermost shell electron in fluorine is +9 – 2 = +7.  The effective nuclear charge for an 
outermost shell electron in sulfur is +16 – 10 = +6. 

83. Effective nuclear charge gives rise to the properties of ionization energy and atomic size.

85. Neon’s outermost shell is already filled to capacity with electrons. Any additional electrons would 
have to occupy the next shell out, which has an effective nuclear charge of zero.

87. Potassium has one electron in its outermost occupied shell, which is the fourth shell. The effective 
nuclear charge within this shell is relatively weak (+1) and so this electron is readily lost. A second 
electron would need to be lost from the next shell inwards (the third shell) where the effective nuclear 
charge is much stronger (+9). Thus, it is very difficult to pull a second electron away from the potas-
sium atom because this electron is being held so tightly by this much greater effective nuclear charge.
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Discussion Questions  
 
89. Curious? You would need to research this on your own as we need to draw the line somewhere of 
what to cover and not to cover in this textbook. You can start your research at www.ConceptualChem-
istry.com. Look for the Special Topics Essay entitled “Quarks and Leptons.” 
 Briefly, in the same way that Rutherford was able to deduce the atomic nucleus by bombard-
ing atoms with alpha particles, evidence for the existence of even smaller subatomic particles has 
been obtained by bombarding the atom with highly energetic radiation. This research over the past 
century has evolved into what is known as the “standard model of fundamental particles” which plac-
es all constituents of matter within one of two categories: quarks and leptons.  
 There are six quarks and they have the whimsical names: up, down, charm, strange, top, and 
bottom. The proton is made of two up quarks and one down quark, while the neutron is made of two 
down quarks and one up quark. There are six leptons and they all appear to be point-like particles 
without internal structure. The best-known lepton is the electron.


