	1.
	What is the wavelength (in nanometers) of light having a frequency of 8.6  1013 Hz?

	A)
	3.5 nm

	B)
	3.5  103 nm

	C)
	3.5  106 nm

	D)
	2.9  105 nm


	2.
	What is the frequency (in Hz) of light having a wavelength of 566 nm.

	A)
	1.89 Hz

	B)
	5.30 Hz

	C)
	1.89  106 Hz

	D)
	5.30  1014 Hz


	3.
	What is the frequency of light having a wavelength of 456 nm?

	A)
	1.37  102 Hz

	B)
	6.58  105 Hz

	C)
	6.58  1014 Hz

	D)
	1.37  1014 Hz


	4.
	What is the wavelength (in nanometers) of radiation having a frequency of 2.45  109 Hz? (This is the type of radiation used in microwave ovens.)

	A)
	1.22  108 nm

	B)
	8.20  109 nm

	C)
	1.22  1011 nm

	D)
	8.20  1012 nm


	5.
	The average distance between Mars and Earth is about 1.3  108 miles. How long would it take TV pictures transmitted from the Viking space vehicle on Mars' surface to reach Earth? (1 mile = 1.61 km.)

	A)
	0.70 s

	B)
	7.0  102 s

	C)
	2.7  103 s

	D)
	1.0  105 s


	6.
	How many seconds would it take a radio wave to travel from the planet Venus to Earth? (Average distance from Venus to Earth = 28 million miles.)

	A)
	1.5  102 s

	B)
	9.3  101 s

	C)
	9.3 s

	D)
	0.15 s


	7.
	The SI unit of time is the second, which is defined as 9,192,631,770 cycles of radiation associated with a certain emission process in the cesium atom. Calculate the wavelength of this radiation (to three significant figures). In which region of the electromagnetic spectrum is this wavelength found?

	A)
	3.06  107 nm, microwave

	B)
	3.06  1010 nm, radio wave

	C)
	3.26  107 nm, microwave

	D)
	3.26  1010 nm, radio wave


	8.
	The SI unit of length is the meter, which is defined as the length equal to 1,650,763.73 wavelengths of the light emitted by a particular energy transition in krypton atoms. Calculate the frequency of the light to three significant figures.

	A)
	182 s–1

	B)
	1.82  1014 s–1

	C)
	4.95 s–1

	D)
	4.95  1014 s–1


	9.
	A photon has a wavelength of 624 nm. Calculate the energy of the photon in joules.

	A)
	3.19  10–16 J

	B)
	3.19  10–19 J

	C)
	1.24  10–22 J

	D)
	3.19  10–28 J


	10.
	The blue color of the sky results from the scattering of sunlight by air molecules. The blue light has a frequency of about 7.5  1014 Hz. Calculate the wavelength, in nm, associated with this radiation.

	A)
	2.5  10–3 nm

	B)
	4.0  102 nm

	C)
	4.5  102 nm

	D)
	4.8  102 nm


	11.
	The blue color of the sky results from the scattering of sunlight by air molecules. The blue light has a frequency of about 7.5  1014 Hz. Calculate the energy, in joules, of a single photon associated with this frequency.

	A)
	2.6  10–31 J

	B)
	2.6  10–22 J

	C)
	5.0  10–19 J

	D)
	5.0  10–16 J


	12.
	A photon has a frequency of 6.0  104 Hz. (a) Convert this frequency into wavelength (nm). Does this frequency fall in the visible region?

	A)
	5.0  1012 nm; no, radiowave

	B)
	5.0  109 nm; no, radiowave

	C)
	2.0  105 nm; no, microwave

	D)
	5.0  103 nm; no, infrared


	13.
	A photon has a frequency of 6.0  104 Hz. Calculate the energy (in joules) of this photon.

	A)
	4.0  1039 J

	B)
	9.0  1037 J

	C)
	4.0  10–29 J

	D)
	1.1  10–38 J


	14.
	A photon has a frequency of 6.0  104 Hz. Calculate the energy (in joules) of 1 mole of photons all with this frequency.

	A)
	2.4  10–5 J/mol

	B)
	4.0  10–10 J/mol

	C)
	6.6  10–15 J/mol

	D)
	4.0  10–20 J/mol


	15.
	What is the wavelength, in nm, of radiation that has an energy content of 1.0  103 kJ/mol? In which region of the electromagnetic spectrum is this radiation found?

	A)
	1.2  10–1 nm, X-ray

	B)
	2.0  101 nm, ultraviolet

	C)
	1.2  102 nm, ultraviolet

	D)
	2.0  103 nm, infrared


	16.
	When copper is bombarded with high-energy electrons, X-rays are emitted. Calculate the energy (in joules) associated with the photons if the wavelength of the X rays is 0.154 nm.

	A)
	3.06  10–14 J

	B)
	1.29  10–15 J

	C)
	1.29  10–24 J

	D)
	3.06  10–26 J


	17.
	A particular form of electromagnetic radiation has a frequency of 8.11  1014 Hz. What is its wavelength in nanometers? To what region of the electromagnetic spectrum would you assign it?

	A)
	2.43  1011 nm, radio

	B)
	2.43  108 nm, microwave

	C)
	3.70  105 nm, microwave

	D)
	3.70  102 nm, ultraviolet



	18.
	A particular form of electromagnetic radiation has a frequency of 8.11  1014 Hz. What is the energy (in joules) of one quantum of this radiation?

	A)
	5.38  10–10 J

	B)
	5.38  10–19 J

	C)
	2.45  10–22 J

	D)
	2.45  10–31 J


	19.
	Some copper compounds emit green light when they are heated in a flame. How would you determine whether the light is of one wavelength or a mixture of two or more wavelengths?

	A)
	Observe the emitted light with green tinted glasses.

	B)
	Pass the emitted light through a beaker of water.

	C)
	Pass the emitted light through a prism.

	D)
	Pass the emitted light through green tinted glasses.


	20.
	Is it possible for a fluorescent material to emit radiation in the ultraviolet region after absorbing visible light? Explain your answer.

	A)
	No, ultraviolet light has higher energy than visible light.

	B)
	No, fluorescent materials only emit purple and green visible light.

	C)
	Yes, fluorescent materials emit a broad spectrum of light.

	D)
	Yes, after storing enough visible light energy, the fluorescent material can emit ultraviolet light.


Use the following to answer questions 21-23:

Consider the following energy levels of a hypothetical atom:

E4 = –1.0  10–19 J

E3 = –5.0  10–19 J

E2 = –10  10–19 J

E1 = –15  10–19 J

	21.
	What is the wavelength of the photon needed to excite an electron from E1 to E4?

	A)
	1.1  108 nm

	B)
	1.4  102 nm

	C)
	1.1  10–1 nm

	D)
	1.4  10–7 nm


	22.
	What is the energy (in joules) a photon must have in order to excite an electron from E2 to E3?

	A)
	5  10–10 J

	B)
	10  10–19 J

	C)
	5  10–19 J

	D)
	15  10–19 J


	23.
	When an electron drops from the E3 level to the E1 level, the atom is said to undergo emission. Calculate the wavelength of the photon emitted in this process.

	A)
	–2.0  102 nm

	B)
	2.0  10–7 nm

	C)
	2.0  102 nm

	D)
	2.0  105 nm


	24.
	The first line of the Balmer series occurs at a wavelength of 656.3 nm. What is the energy difference between the two energy levels involved in the emission that results in this spectral line?

	A)
	3.367  10–36 J

	B)
	3.027  10–28 J

	C)
	1.299  10–22 J

	D)
	3.027  10–19 J


	25.
	Calculate the wavelength (in nanometers) of a photon emitted by a hydrogen atom when its electron drops from the n = 5 state to the n = 3 state.

	A)
	1.28  10–6 nm

	B)
	1.46  10–6 nm

	C)
	1.46  103 nm

	D)
	1.28  103 nm


	26.
	Calculate the frequency (Hz) of the emitted photon when an electron drops from the n = 4 to the n = 2 level in a hydrogen atom.

	A)
	2.74  1014 Hz

	B)
	6.17  1014 Hz

	C)
	1.62  1015 Hz

	D)
	3.65  1015 Hz


	27.
	Calculate the wavelength (nm) of the emitted photon when an electron drops from the n = 4 to the n = 2 level in a hydrogen atom.

	A)
	4.86  102 nm

	B)
	1.85  102 nm

	C)
	8.22  101 nm

	D)
	1.09  103 nm


	28.
	Careful spectral analysis shows that the familiar yellow light of sodium lamps (such as street lamps) is made up of photons of two wavelengths, 589.0 nm and 589.6 nm. What is the difference in energy (in joules) between photons with these wavelengths?

	A)
	3.4  10–22 J

	B)
	3  10–22 J

	C)
	There is no significant difference.


	29.
	An electron in the hydrogen atom makes a transition from an energy state of principal quantum numbers ni to the n = 2 state. If the photon emitted has a wavelength of 434 nm, what is the value of ni?

	A)
	3

	B)
	4

	C)
	5

	D)
	6


	30.
	Thermal neutrons are neutrons that move at speeds comparable to those of air molecules at room temperature. These neutrons are most effective in initiating a nuclear chain reaction among 235U isotopes. Calculate the wavelength (in nm) associated with a beam of neutrons moving at 7.00  102 m/s. (The mass of a neutron is 1.675  10–27 kg.)

	A)
	1.77 nm

	B)
	0.565 nm

	C)
	0.177 nm

	D)
	0.0565 nm


	31.
	Protons can be accelerated to speeds near that of light in particle accelerators. Estimate the wavelength (in nm) of such a proton moving at 2.90  108 m/s. (Mass of a proton is 1.673  10–27 kg.)

	A)
	1.37  10–3 nm

	B)
	1.37  10–6 nm

	C)
	1.37  10–9 nm

	D)
	1.37  10–15 nm


	32.
	What is the de Broglie wavelength, in cm, of a 12.4-g hummingbird flying at 1.20  102 mph? (1 mile = 1.61km.)

	A)
	9.96  10–29 cm

	B)
	1.66  10–30 cm

	C)
	9.96  10–32 cm

	D)
	1.66  10–33 cm


	33.
	What is the de Broglie wavelength (in nm) associated with a 2.5-g Ping-Pong ball traveling 35mph?

	A)
	1.7  10–23 nm

	B)
	2.8  10–25 nm

	C)
	1.7  10–26 nm

	D)
	2.8  10–28 nm



	34.
	An electron in a certain atom is in the n = 2 quantum level. List the possible values of l, and ml, that it can have.

	A)
	l = 0, ml = 0; l = 1, ml = –1, 0, 1; l = 2; ml = –2, –1, 0, 1, 2

	B)
	l = 0, ml = 0; l = 1, ml = –1, 0, 1

	C)
	l = 0, ml = –1, 0, 1

	D)
	l = 1, ml = –1, 0, 1


	35.
	An electron in an atom is in the n = 3 quantum level. List the possible values of l and ml, that it can have.

	A)
	l = 1, ml = –1, 0, 1; l = 2, ml = –2, –1, 0, 1, 2

	B)
	l = 0, ml = 0; l = 1, ml = 0, 1; l = 2, ml = 0, 1, 2

	C)
	l = 0, ml = 0; l = 1, ml = –1, 0, 1; l = 2, ml = –2, –1, 0, 1, 2

	D)
	l = 0, ml = 0; l = 1, ml = –1, 0, 1; l = 2, ml = –2, –1, 0, 1, 2; l = 3, ml = –3, –2, –1, 0, 1, 2, 3


	36.
	Give the values of the quantum numbers associated with the 2p subshell.

	A)
	n = 2, l = 2, ml = –2, –1, 0, 1, 2

	B)
	n = 2, l = 1, ml = 0

	C)
	n = 2, l = 1, ml = 1

	D)
	n = 2, l = 1, ml = –1, 0, 1


	37.
	Give the values of the quantum numbers associated with the 3s subshell.

	A)
	n = 3, l = 0, ml = 0

	B)
	n = 3, l = 1, ml = –1, 0, 1

	C)
	n = 3, l = 2, ml = –2, –1, 0, 1, 2

	D)
	n = 3, l = 3, ml = –3, –2, –1, 0, 1, 2, 3


	38.
	Give the values of the quantum numbers associated with the 5d subshell.

	A)
	n = 5, l = 0, ml = 0

	B)
	n = 5, l = 1, ml = –1, 0, 1

	C)
	n = 5, l = 2, ml = –2, –1, 0, 1, 2

	D)
	n = 5, l = 3, ml = –3, –2, –1, 0, 1, 2, 3


	39.
	For the 4p subshell, state whether the values of the quantum numbers (n, l, and ml,) and the number of orbitals in the subshell are True or False. 4p subshell: n = 4, l = 3, ml = –3, –2, –1, 0, 1, 2, 3; 3 p orbitals.

	A)
	True

	B)
	False


	40.
	For the 3d subshell, state whether the values of the quantum numbers (n, l, and ml,) and the number of orbitals in the subshell are True or False. 3d subshell: n = 3, l = 2, ml = –2, –1, 0, 1, 2; 5 d orbitals.

	A)
	True

	B)
	False


	41.
	For the 3s subshell, state whether the values of the quantum numbers (n, l, and ml,) and the number of orbitals in the subshell are True or False. 3s subshell: n = 3, l = 0, ml = 0; 1 s orbital.

	A)
	True

	B)
	False


	42.
	For the 5f subshell, state whether the values of the quantum numbers (n, l, and ml,) and the number of orbitals in the subshell are True or False. 5f subshell: n = 5, l = 3, ml = 0, 1, 2, 3; 7f orbitals.

	A)
	True

	B)
	False


	43.
	State whether or not (T/F) the following list includes all the possible subshells and orbitals associated with the principal quantum number n, if n = 5: l = 0, 1, 2, 3, 4; 5s(1 orbital), 5p(3 orbitals), 5d(5 orbitals), 5f(7 orbitals), 5g(8 orbitals).

	A)
	True

	B)
	False


	44.
	State whether or not (T/F) the following list includes all the possible subshells and orbitals associated with the principal quantum number n, if n = 6: l = 0, 1, 2, 3, 4, 5; 6s(1 orbital), 6p(3 orbitals), 6d(5 orbitals), 6f(7 orbitals), 6g(9 orbitals), 6h(11orbitals).

	A)
	True

	B)
	False


	45.
	Calculate the total number of electrons that can occupy: (A) one s orbital, (B) three p orbitals, (C) five d orbitals, (D) seven f orbitals.

	A)
	(A)2; (B)9; (C)10, (D)14

	B)
	(A)2; (B)6; (C)8, (D)14

	C)
	(A)2; (B)6; (C)10, (D)14

	D)
	(A)2; (B)6; (C)10, (D)16


	46.
	What is the total number of electrons that can be held in all orbitals having the same principal quantum number n?

	A)
	4n2

	B)
	2n2

	C)
	2n

	D)
	2


	47.
	Determine the maximum number of electrons that can be found in each of the following subshells: 3s, 3d, 4p, 4f, 5f.

	A)
	3s(2); 3d(8); 4p(6); 4f(14); 5f(14)

	B)
	3s(2); 3d(10); 4p(6); 4f(14); 5f(16)

	C)
	3s(2); 3d(8); 4p(6); 4f(14); 5f(14)

	D)
	3s(2); 3d(10); 4p(6); 4f(14); 5f(14)


	48.
	State the total number of: p electrons in N (Z = 7); s electrons in Si (Z = 14); and 3d electrons in S (Z = 16).

	A)
	N, 3p electrons; Si, 6s electrons; S, 5d electrons

	B)
	N, 2p electrons; Si, 6s electrons; S, 5d electrons

	C)
	N, 3p electrons; Si, 6s electrons; S, 0d electrons

	D)
	N, 6p electrons; Si, 6s electrons; S, 0d electrons


	49.
	Why do the 3s, 3p, and 3d orbitals have the same energy in a hydrogen atom but different energies in a many-electron atom?

	A)
	Many-electron atoms have shielding from the lower orbitals.

	B)
	The many electrons excite each other to higher energies.

	C)
	The orbitals are shaped differently with many-electron atoms.


	50.
	For each of the following pairs of hydrogen orbitals, indicate which is higher in energy: (A) 1s, 2s; (B) 2p, 3p; (C) 3dxy, 3dyz; (D) 3s, 3d; (E) 4f, 5s.

	A)
	(A) 2s; (B) 3p; (C) equal; (D) 3d; (E) 5s

	B)
	(A) 2s; (B) 3p; (C) equal; (D) equal; (E) 5s

	C)
	(A) 2s; (B) 2p; (C) equal; (D) equal; (E) 5s

	D)
	(A) 2s; (B) 3p; (C) equal; (D) equal; (E) 4f


	51.
	Which orbital in each of the following pairs is lower in energy in a many-electron atom? (A) 2s, 2p; (B) 3p, 3d; (C) 3s, 4s; (D) 4d, 5f.

	A)
	(A) 2s; (B) 3p; (C) 3s, (D) 5f

	B)
	(A) 2s; (B) 3d; (C) 3s, (D) 4d

	C)
	(A) 2s; (B) 3p; (C) 3s, (D) 4d

	D)
	(A) 2p; (B) 3p; (C) 3s, (D) 4d


	52.
	Indicate which of the following sets of quantum numbers in an atom are unacceptable: (A) (1, 0, ½, ½); (B) (3, 0, 0, +½); (C) (2, 2, 1, +½); (D) (4, 3, –2, +½); (E) (3, 2, 1, 1).

	A)
	(A) and (E) are unacceptable.

	B)
	(B), (C) and (E) are unacceptable.

	C)
	(A), (B), (C) and (E) are unacceptable.

	D)
	(A), (C) and (E) are unacceptable.


	53.
	The ground-state electron configuration listed here is incorrect: Al: 1s22s22p43s23p3. Write the correct electron configuration.

	A)
	Al: 1s2 2s2 2p6 3s2 3p2

	B)
	Al: 1s2 2s2 2p6 3s2

	C)
	Al: 1s2 2s2 2p6 3s2 3p1


	54.
	The ground-state electron configuration listed is incorrect: B: 1s22s22p5. Write the correct electron configuration.

	A)
	B: 1s2 2s2 2p1

	B)
	B: 1s2 2s2 2p2

	C)
	B: 1s2 2s2 2p3


	55.
	The ground-state electron configuration listed is incorrect: F: 1s22s22p6. Write the correct electron configuration.

	A)
	F: 1s2 2s2 2p3

	B)
	F: 1s2 2s2 2p4

	C)
	F: 1s2 2s2 2p5


	56.
	The atomic number of an element is 73. Is this element diamagnetic or paramagnetic?

	A)
	Diamagnetic

	B)
	Paramagnetic


	57.
	Indicate the number of unpaired electrons present in each of the following atoms: B, Ne, P, Sc, Mn, Se.

	A)
	B(1); Ne(0); P(3); Sc(1); Mn(5); Se(2)

	B)
	B(0); Ne(0); P(3); Sc(1); Mn(5); Se(2)

	C)
	B(1); Ne(0); P(2); Sc(2); Mn(5); Se(2)

	D)
	B(1); Ne(0); P(3); Sc(2); Mn(4); Se(2)


	58.
	Indicate the number of unpaired electrons present in each of the following atoms: Kr, Fe, Cd, I, Pb.

	A)
	Kr(0); Fe(4); Cd(0); I(1); Pb(1)

	B)
	Kr(0); Fe(4); Cd(1); I(1); Pb(2)

	C)
	Kr(0); Fe(3); Cd(0); I(1); Pb(2)

	D)
	Kr(0); Fe(4); Cd(0); I(1); Pb(2)


	59.
	Determine whether all the ground-state electron configurations for the elements listed are correct. If they are all correct, answer True. If any are incorrect, answer False. 

B: [He] 2s2 2p1 

As: [Ar] 4s2 3d10 4p3

V: [Ar] 4s23d3     

I: [Kr] 5s2 4d10 5p5 

Ni: [Ar] 4s2 3d8

Au: [Xe] 6s1 4f14 5d10

	A)
	True

	B)
	False


	60.
	Determine whether all the ground-state electron configurations for the elements listed are correct. If they are all correct, answer True. If any are incorrect, answer False. 

Ge: [Ar] 4s2 3d10 4p2

Fe: [Ar] 4s2 3d6

Zn: [Ar] 4s2 3d10

Ni: [Ar] 4s2 3d8

W: [Xe] 6s2 4f14 5d4 

Tl: [Xe] 6s2 4f14 5d10

	A)
	True

	B)
	False


	61.
	The electron configuration of a neutral atom is 1s22s22p63s2. Name the element.

	A)
	Si

	B)
	Na

	C)
	Mg

	D)
	Al


	62.
	Which of the following species has the most unpaired electrons? S+, S, or S–?

	A)
	S+

	B)
	S

	C)
	S–

	D)
	They all have the same number of unpaired electrons.


	63.
	Use the Aufbau principle to obtain the ground-state electron configuration of selenium.

	A)
	Se: [Ar]4s23d104p3

	B)
	Se: [Ar]4s23d104p4

	C)
	Se: [Ar]4s23d104p5

	D)
	Se: [Ar]4s23d104p6


	64.
	Use the Aufbau principle to obtain the ground-state electron configuration of technetium.

	A)
	Tc: [Kr] 4d6

	B)
	Tc: [Kr] 4d7

	C)
	Tc: [Kr] 5s24d5

	D)
	Tc: [Kr] 5s24d6


	65.
	When a compound containing cesium ion is heated in a Bunsen burner flame, photons with an energy of 4.30  1019 J are emitted. What color is the cesium flame?

	A)
	Violet

	B)
	Blue

	C)
	Green

	D)
	Yellow


	66.
	Which of the following statements are currently considered to be correct? (1) The electron in the hydrogen atom is in an orbit that never brings it closer than 100 pm to the nucleus. (2) Atomic absorption spectra result from transitions of electrons from lower to higher energy levels. (3) A many-electron atom behaves somewhat like a solar system that has a number of planets.

	A)
	(1) only.

	B)
	(1) and (2).

	C)
	(2) only.

	D)
	(2) and (3).


	67.
	What is the maximum number of electrons in an atom that can have the following quantum numbers: (1) n = 2, ms = +½ ; (2) n = 4, ml = +1; (3) n = 3, l = 2; (4) n = 2, l = 0, ms = ½ ; (5) n = 4, l = 3, ml = 2.

	A)
	(1)4; (2)5; (3)8; (4)2; (5)2

	B)
	(1)4; (2)6; (3)8; (4)1; (5)2

	C)
	(1)4; (2)6; (3)10; (4)1; (5)2

	D)
	(1)4; (2)6; (3)10; (4)2; (5)2


	68.
	What properties of electrons are used in the operation of an electron microscope?

	A)
	The wave properties.

	B)
	The particle properties.

	C)
	Both the wave and the particle properties.


	69.
	In a photoelectric experiment a student uses a light source whose frequency is greater than that needed to eject electrons from a certain metal. However, after continuously shining the light on the same area of the metal for a long period of time the student notices that the maximum kinetic energy of ejected electrons begins to decrease, even though the frequency of the light is held constant. How would you account for this behavior?

	A)
	The metal surface oxidizes rapidly under bombardment, and the oxide coating begins to shield it.

	B)
	The metal surface becomes pitted, so the light cannot strike it as efficiently.

	C)
	The ejected electrons build up and interfere with the approaching light photons.

	D)
	The metal surface becomes positively charged, attracting back the electrons.


	70.
	A certain pitcher's fastballs have been clocked at about 100 mph. Calculate the wavelength of a 0.141-kg baseball (in nm) at this speed. (1 mile = 1609 m.)

	A)
	1.05  10–22 nm

	B)
	1.05  10–25 nm

	C)
	1.75  10–24 nm

	D)
	1.75  10–27 nm


	71.
	A certain pitcher's fastballs have been clocked at about 100 mph. What is the wavelength of a hydrogen atom at the same speed? (1 mile = 1609 m.)

	A)
	1.47  10–23 nm

	B)
	0.147 nm

	C)
	8.86 nm

	D)
	8.86  109 nm


	72.
	Considering only the ground-state electron configuration, are there more diamagnetic or paramagnetic atoms?

	A)
	Paramagnetic

	B)
	Diamagnetic

	C)
	About equal numbers of diamagnetic and paramagnetic.


	73.
	A ruby laser produces radiation of wavelength 633 nm in pulses whose duration is 1.00  109 s. If the laser produces 0.376 J of energy per pulse, how many photons are produced in each pulse?

	A)
	1.20  1027 photons

	B)
	1.20  1018 photons

	C)
	3.18  1018 photons

	D)
	8.35  1019 photons


	74.
	A ruby laser produces radiation of wavelength 633 nm in pulses whose duration is 1.00  109 s. If the laser produces 0.376 J of energy per pulse, calculate the power (in watts) delivered by the laser per pulse. (1W = 1J/s.)

	A)
	2.66  1012 W

	B)
	3.76  1011 W

	C)
	2.66  109 W

	D)
	3.76  108 W


	75.
	A 368-g sample of water absorbs infrared radiation at 1.06  104 nm from a carbon dioxide laser. Suppose all the absorbed radiation is converted to heat. Calculate the number of photons at this wavelength required to raise the temperature of the water by 5.00°C.

	A)
	4.10  1032 photons

	B)
	5.32  1028 photons

	C)
	4.10  1023 photons

	D)
	5.32  1019 photons


	76.
	Photodissociation of water 

H2O (l) + h  H2 (g) + 1/2O2 (g)

has been suggested as a source of hydrogen. The Hrxn for the reaction, calculated from thermochemical data, is 285.8 kJ per mole of water decomposed. Calculate the maximum wavelength (in nm) that would provide the necessary energy. In principle, is it feasible to use sunlight as a source of energy for this process?

	A)
	4.19  105 nm; yes

	B)
	4.19  105 nm; no

	C)
	419 nm; yes

	D)
	419 nm; no


	77.
	Spectral lines of the Lyman and Balmer series do not overlap. Verify this statement by calculating the longest wavelength associated with the Lyman series and the shortest wavelength associated with the Balmer series (in nm).

	A)
	Longest Lyman: 182 nm; shortest Balmer: 365 nm

	B)
	Longest Lyman: 121 nm; shortest Balmer: 365 nm

	C)
	Longest Lyman: 121 nm; shortest Balmer: 486 nm

	D)
	Longest Lyman: 365 nm; shortest Balmer: 486 nm


	78.
	Only a fraction of the electrical energy supplied to a tungsten light bulb is converted to visible light. The rest of the energy shows up as infrared radiation (that is, heat). A 75-W light bulb converts 15.0 percent of the energy supplied to it into visible light (assume the wavelength to be 550 nm). How many photons are emitted by the light bulb per second? (1 W = 1 J/s.)

	A)
	3.0  1019 photons

	B)
	2.1  1020 photons

	C)
	3.0  1028 photons

	D)
	2.1  1029 photons


	79.
	Certain sunglasses have small crystals of silver chloride (AgCl) incorporated in the lenses. When the lenses are exposed to light of the appropriate wavelength, the following reaction occurs:

AgCl Ag + Cl

The Ag atoms formed produce a uniform gray color that reduces the glare. If H for the reaction is 248 kJ, calculate the maximum wavelength of light that can induce this process.

	A)
	297 nm

	B)
	483 nm

	C)
	2.97  105 nm

	D)
	4.83  105 nm


	80.
	The He+ ion contains only one electron and is therefore a hydrogen-like ion. Calculate the wavelengths of the first four transitions in the Balmer series of the He+ ion. (The Rydberg constant for He+ is 8.72  1018 J.) Which of the following is not one of these transitions?

	A)
	n = 3 to 2;  = 164 nm; UV

	B)
	n = 4 to 2;  = 121 nm; UV

	C)
	n = 5 to 2;  = 107 nm; UV

	D)
	n = 6 to 2;  = 103 nm; UV


	81.
	Calculate the wavelengths of the first four transitions in the Balmer series of the H atom. Which of the following is not one of these transitions?

	A)
	n = 3 to 2;  = 657 nm; Visible

	B)
	n = 4 to 2;  = 487 nm; Visible

	C)
	n = 5 to 2;  = 434 nm; Visible

	D)
	n = 6 to 2;  = 409 nm; Visible


Use the following to answer questions 82-83:

Use tables of Standard Enthalpy of Formation. Ozone (O3) in the stratosphere absorbs the harmful radiation from the sun by undergoing decomposition: O3  O + O2.

	82.
	Calculate the H for the decomposition of ozone.

	A)
	–107.2 kJ

	B)
	–392.0 kJ

	C)
	107.2 kJ

	D)
	392.0 kJ


	83.
	Calculate the maximum wavelength of photons (in nm) that possess this energy to cause the decomposition of ozone photochemically.

	A)
	1.12  103 nm

	B)
	306 nm

	C)
	186 nm

	D)
	112 nm


	84.
	The retina of a human eye can detect light when radiant energy incident on it is at least 4.0  1017 J. For light of 600-nm wavelength, how many photons does this correspond to?

	A)
	1.3  101 photons

	B)
	1.2  102 photons

	C)
	1.3  103 photons

	D)
	1.2  1011 photons


	85.
	A photoelectric experiment was performed by separately shining a laser at 450 nm (blue light) and a laser at 560 nm (yellow light) on a clean metal surface and measuring the number of the ejected electrons. Which light would generate more electrons? Assume that the same amount of energy is delivered to the metal surface by each laser and that the frequencies of the laser lights exceed the threshold frequency.

	A)
	The yellow light would generate more electrons.

	B)
	The blue light would generate more electrons.

	C)
	The blue and yellow lights would generate equal numbers of electrons.


	86.
	A photoelectric experiment was performed by separately shining a laser at 450 nm (blue light) and a laser at 560 nm (yellow light) on a clean metal surface and measuring the kinetic energy of the ejected electrons. Which light would eject electrons with greater kinetic energy? Assume that the same amount of energy is delivered to the metal surface by each laser and that the frequencies of the laser lights exceed the threshold frequency.

	A)
	The yellow light would eject electrons with greater kinetic energy.

	B)
	The blue light would eject electrons with greater kinetic energy.

	C)
	The blue and yellow lights would eject electrons with the same kinetic energy.


	87.
	The electron configurations described in this chapter all refer to gaseous atoms in their ground states. An atom may absorb a quantum of energy and promote one of its electrons to a higher-energy orbital. When this happens, we say that the atom is in an excited state. The electron configurations of some excited atoms are given. Identify the species. (A) 1s12s1 ; (B) 1s22s22p23d1 ; (C) 1s22s22p64s1

	A)
	(A) He; (B) C; (C) Ne

	B)
	(A) He+; (B) N+; (C) Na+

	C)
	(A) He; (B) N; (C) Na

	D)
	(A) He; (B) O; (C) Na


	88.
	The electron configurations described in this chapter all refer to gaseous atoms in their ground states. An atom may absorb a quantum of energy and promote one of its electrons to a higher-energy orbital. When this happens, we say that the atom is in an excited state. The electron configurations of some excited atoms are given. Identify these species. (A) [Ar]4s13d104p4; (B) [Ne]3s23p43d1.

	A)
	(A) Se; (B) Cl

	B)
	(A) Ge; (B) S

	C)
	(A) As+; (B) Cl–

	D)
	(A) As; (B) Cl


	89.
	If Rutherford and his coworkers had used electrons instead of alpha particles to probe the structure of the nucleus, what might have they discovered?

	A)
	The positive charge of protons.

	B)
	The negative charge of electrons.

	C)
	The wave properties of electrons.

	D)
	The particle properties of electrons.


	90.
	Scientists have found interstellar hydrogen atoms with quantum number n in the hundreds. Calculate the wavelength of light emitted when a hydrogen atom undergoes a transition from n = 236 to n = 235. In what region of the electromagnetic spectrum does this wavelength fall?

	A)
	0.596 nm, Xray

	B)
	9.12  101 nm, Ultraviolet

	C)
	5.96  108 nm, Microwave

	D)
	9.12  1012 nm, Radiowave


	91.
	Calculate the wavelength of a helium atom whose speed is equal to the root-mean-square speed at 20°C.

	A)
	7.39  105 nm

	B)
	7.39  102 nm

	C)
	2.83  101 nm

	D)
	2.83  102 nm


	92.
	Ionization energy is the minimum energy required to remove an electron from an atom. It is usually expressed in units of kJ/mol, that is, the energy in kilojoules required to remove one mole of electrons from one mole of atoms. Calculate the ionization energy for the hydrogen atom.

	A)
	1.31  103 kJ/mol

	B)
	1.31  109 kJ/mol

	C)
	2.18  1023 kJ/mol

	D)
	2.18  1018 kJ/mol


	93.
	Ionization energy is the minimum energy required to remove an electron from an atom. It is usually expressed in units of kJ/mol, that is, the energy in kilojoules required to remove one mole of electrons from one mole of atoms. Calculate the ionization energy for the hydrogen atom, assuming that the electrons are removed from the n = 2 state.

	A)
	3.28  105 kJ/mol

	B)
	1.31  103 kJ/mol

	C)
	6.56  102 kJ/mol

	D)
	3.28  102 kJ/mol


	94.
	An electron in a hydrogen atom is excited from the ground state to the n = 4 state. Decide whether the following statement is true or false. Statement: n = 4 is the first excited state.


	A)
	True

	B)
	False


	95.
	An electron in a hydrogen atom is excited from the ground state to the n = 4 state. Decide whether the following statement is true or false. Statement: It takes more energy to ionize (remove) the electron from n = 4 than from the ground state.

	A)
	True

	B)
	False


	96.
	An electron in a hydrogen atom is excited from the ground state to the n = 4 state. Decide whether the following statement is true or false. Statement: The electron is farther from the nucleus (on average) in n = 4 than in the ground state.

	A)
	True

	B)
	False


	97.
	An electron in a hydrogen atom is excited from the ground state to the n = 4 state. Decide whether the following statement is true or false. Statement: The wavelength of light emitted when the electron drops from n = 4 to n = 1 is longer than the wavelength of light emitted when the electron drops from n = 4 to n = 2.

	A)
	True

	B)
	False


	98.
	An electron in a hydrogen atom is excited from the ground state to the n = 4 state. Decide whether the following statement is true or false. Statement: The wavelength the atom absorbs in going from n = 1 to n = 4 is the same as the wavelength it emits as it goes from n = 4 to n = 1.

	A)
	True

	B)
	False


	99.
	The ionization energy of a certain element is 412 kJ/mol. However, when the atoms of this element are in the first excited state, the ionization energy is only 126 kJ/mol. Based on this information, calculate the wavelength of light emitted in a transition from the first excited state to the ground state.

	A)
	3.50  106 nm

	B)
	4.19  105 nm

	C)
	4.19  102 nm

	D)
	3.50  102 nm


	100.
	Alveoli are the tiny sacs of air in the lungs whose average diameter is 5.0  10–5 m. Consider an oxygen molecule (5.3  10–26 kg) trapped within a sac. Calculate the uncertainty in the velocity of the oxygen molecule. (Hint: The maximum uncertainty in the position of the molecule is given by the diameter of the sac.)

	A)
	1.0  10–8 m/s; 1.0  101 nm/s

	B)
	2.0  10–5 m/s; 2.0  104 nm/s

	C)
	4.0  10–5 m/s; 4.0  104 nm/s

	D)
	3.0 m/s; 3.0  109 nm/s


	101.
	How many photons at 660 nm must be absorbed to melt 5.0  102 g of ice? On average, how many H2O molecules does one photon convert from ice to water? (Hint: It takes 334 J to melt 1 g of ice at 0°C.)

	A)
	2.2  1018 photons

	B)
	5.5  1023 photons

	C)
	2.2  1027 photons

	D)
	5.5  1032 photons


Use the following to answer questions 102-103:

Examine the following portions of orbital diagrams representing the ground-state electron configurations of certain elements. 
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	102.
	Which of the orbital diagrams violate the Pauli exclusion principle?

	A)
	(1) and (6)

	B)
	(1), (3) and (6)

	C)
	(2) and (5)

	D)
	(4) and (5)


	103.
	Which of the orbital diagrams violate Hund's rule?

	A)
	(2) and (3)

	B)
	(2), (4) and (5)

	C)
	(1), (4) and (5)

	D)
	(1) and (4)


	104.
	The UV light that is responsible for tanning the skin falls in the 320- to 400-nm region. Calculate the total energy (in joules) absorbed by a person exposed to this radiation for 2.0 hours, given that there are 2.0  1016 photons hitting Earth's surface per square centimeter per second over a 80-nm (320 nm to 400 nm) range and that the exposed body area is 0.45 m2. Assume that only half of the radiation is absorbed and the other half is reflected by the body. (Hint: Use an average wavelength of 360 nm in calculating the energy of a photon.)

	A)
	2.9  1015 J

	B)
	3.6  105 J

	C)
	1.8  105 J

	D)
	3.6  102 J


	105.
	The sun is surrounded by a white circle of gaseous material called the corona, which becomes visible during a total eclipse of the sun. The temperature of the corona is in the millions of degrees Celsius, which is high enough to break up molecules and remove some or all of the electrons from atoms. One way astronomers have been able to estimate the temperature of the corona is by studying the emission lines of ions of certain elements. For example, the emission spectrum of Fe14+ ions has been recorded and analyzed. Knowing that it takes 3.5  104 kJ/mol to convert Fe13+ to Fe14+, estimate the temperature (K) of the sun's corona. (Hint: The average kinetic energy of one mole of a gas is 3/2·RT.)

	A)
	6.3  109 K

	B)
	2.8  109 K

	C)
	6.3  106 K

	D)
	2.8  106 K


	106.
	In 1996 physicists created an anti-atom of hydrogen. In such an atom, which is the antimatter equivalent of an ordinary atom, the electrical charges of all the component particles are reversed. Thus the nucleus of an anti-atom is made of an anti-proton, which has the same mass as a proton but bears a negative charge, while the electron is replaced by an anti-electron (also called positron) with the same mass as an electron, but bearing a positive charge. (1)Would you expect the energy levels, emission spectra, and atomic orbitals of an antihydrogen atom to be different from those of a hydrogen atom? (2)What would happen if an anti-atom of hydrogen collided with a hydrogen atom?

	A)
	(1)Yes, different; (2)No reaction.

	B)
	(1)Yes, different; (2)Annihilation and energy released.

	C)
	(1)No, the same; (2)No reaction.

	D)
	(1)No, the same; (2)Annihilation and energy released.


	107.
	Begin by using the root-mean-square speed equation and then calculate the de Broglie wavelength of a N2 molecule at 300.0 K.

	A)
	2.755  1014 m

	B)
	8.710  1013 m

	C)
	2.755  1011 m

	D)
	8.710  1010 m


Answer Key
	1.
	B

	2.
	D

	3.
	C

	4.
	A

	5.
	B

	6.
	A

	7.
	C

	8.
	D

	9.
	B

	10.
	B

	11.
	C

	12.
	A

	13.
	C

	14.
	A

	15.
	C

	16.
	B

	17.
	D

	18.
	B

	19.
	C

	20.
	A

	21.
	B

	22.
	C

	23.
	C

	24.
	D

	25.
	D

	26.
	B

	27.
	A

	28.
	B

	29.
	C

	30.
	B

	31.
	B

	32.
	C

	33.
	A

	34.
	B

	35.
	C

	36.
	D

	37.
	A

	38.
	C

	39.
	B

	40.
	A

	41.
	A

	42.
	B

	43.
	B

	44.
	A

	45.
	C

	46.
	B

	47.
	D

	48.
	C

	49.
	A

	50.
	B

	51.
	C

	52.
	D

	53.
	C

	54.
	A

	55.
	C

	56.
	B

	57.
	A

	58.
	D

	59.
	A

	60.
	B

	61.
	C

	62.
	A

	63.
	B

	64.
	C

	65.
	B

	66.
	C

	67.
	C

	68.
	A

	69.
	D

	70.
	B

	71.
	C

	72.
	A

	73.
	B

	74.
	D

	75.
	C

	76.
	D

	77.
	B

	78.
	A

	79.
	B

	80.
	C

	81.
	D

	82.
	C

	83.
	A

	84.
	B

	85.
	A

	86.
	B

	87.
	C

	88.
	D

	89.
	C

	90.
	C

	91.
	B

	92.
	A

	93.
	D

	94.
	B

	95.
	B

	96.
	A

	97.
	B

	98.
	A

	99.
	C

	100.
	B

	101.
	B

	102.
	A

	103.
	B

	104.
	C

	105.
	D

	106.
	D

	107.
	C


Chapter 7 Quantum Theory and the Electronic Structure of Atoms

Student: ___________________________________________________________________________

1.
What is the wavelength of radiation that has a frequency of 6.912 ( 1014 s-1? 


A.
1.447 ( 10-15 nm

B.
4.337 ( 102 nm

C.
2.304 ( 106 nm

D.
2.074 ( 1023 nm

E.
4.337 ( 10-7 nm

 

2.
What is the wavelength of radiation that has a frequency of 2.10 ( 1014 s-1? 


A.
6.30 ( 1022 m

B.
7.00 ( 102 nm

C.
7.00 ( 105 m

D.
1.43 ( 10-6 m

E.
3.00 ( 108 m

 

3.
Calculate the frequency of visible light having a wavelength of 486 nm. 


A.
2.06 ( 1014 /s

B.
2.06 ( 106 /s

C.
6.17 ( 1014 /s

D.
1.20 ( 10-15 /s

E.
4.86 ( 10-7 /s

 

4.
Calculate the frequency of visible light having a wavelength of 686 nm. 


A.
4.37 ( 1014 /s

B.
4.37 ( 105 /s

C.
6.17 ( 1014 /s

D.
2.29 ( 10-15 /s

E.
2.29 ( 10-6 /s

 

5.
What is the energy in joules of one photon of microwave radiation with a wavelength 0.122 m? 


A.
2.70 ( 10-43 J

B.
5.43 ( 10-33 J

C.
1.63 ( 10-24 J

D.
4.07 ( 10-10 J

E.
2.46 ( 109 J

 

6.
What is the energy in joules of a mole of photons associated with visible light of wavelength 486 nm? 


A.
6.46 ( 10-16 J

B.
6.46 ( 10-25 J

C.
2.46 ( 10-4 J

D.
12.4 kJ

E.
246 kJ

 

7.
What is the energy in joules of a mole of photons associated with red light of wavelength 7.00 ( 102 nm?  


A.
256 kJ 

B.
1.71 ( 105 J 

C.
4.72 ( 10-43 J 

D.
12.4 kJ 

E.
2.12 ( 1042 J 

 

8.
What is the binding energy (in J/mol or kJ/mol) of an electron in a metal whose threshold frequency for photoelectrons is 2.50 ( 1014 /s? 


A.
99.7 kJ/mol

B.
1.66 ( 10-19 J/mol

C.
2.75 ( 10-43 J/mol

D.
7.22 ( 1017 kJ/mol

E.
1.20 ( 10-6 J/mol

 

9.
Complete this sentence: Atoms emit visible and ultraviolet light 


A.
as electrons jump from lower energy levels to higher levels.

B.
as the atoms condense from a gas to a liquid.

C.
as electrons jump from higher energy levels to lower levels.

D.
as they are heated and the solid melts to form a liquid.

E.
as the electrons move about the atom within an orbit.

 

10.
Calculate the energy, in joules, required to excite a hydrogen atom by causing an electronic transition from the n = 1 to the n = 4 principal energy level. Recall that the energy levels of the H atom are given by

En = -2.18 ( 10-18 J(1/n2) 


A.
2.07 ( 10-29 J

B.
2.19 ( 105 J

C.
2.04 ( 10-18 J

D.
3.27 ( 10-17 J

E.
2.25 ( 10-18 J

 

11.
Calculate the wavelength, in nanometers, of the light emitted by a hydrogen atom when its electron falls from the n = 7 to the n = 4 principal energy level. Recall that the energy levels of the H atom are given by

En = -2.18 ( 10-18 J(1/n2) 


A.
4.45 ( 10-20 nm

B.
2.16 ( 10-6 nm

C.
9.18 ( 10-20 nm

D.
1.38 ( 1014 nm

E.
2.16 ( 103 nm

 

12.
Calculate the frequency of the light emitted by a hydrogen atom during a transition of its electron from the n = 6 to the n = 3 principal energy level. Recall that for hydrogen

En = -2.18 ( 10-18 J(1/n2). 


A.
1.64 ( 1015 /s

B.
9.13 ( 1013 /s

C.
3.65 ( 1014 /s

D.
1.82 ( 10-19 /s

E.
2.74 ( 1014/s

 

13.
Calculate the frequency of the light emitted by a hydrogen atom during a transition of its electron from the n = 4 to the n = 1 principal energy level. Recall that for hydrogen

En = -2.18 ( 10-18 J(1/n2) 


A.
3.08 ( 1015 /s

B.
1.03 ( 108 /s

C.
2.06 ( 1014 /s

D.
1.35 ( 10-51 /s

E.
8.22 ( 1014 /s

 

14.
Calculate the wavelength of the light emitted by a hydrogen atom during a transition of its electron from the n = 4 to the n = 1 principal energy level. Recall that for hydrogen

En = -2.18 ( 10-18 J(1/n2) 


A.
97.2 nm

B.
82.6 nm

C.
365 nm

D.
0.612 nm

E.
6.8 ( 10-18 nm

 

15.
The second line of the Balmer series occurs at a wavelength of 486.1 nm. What is the energy difference between the initial and final levels of the hydrogen atom in this emission process? 


A.
2.44 ( 1018 J

B.
4.09 ( 10-19 J

C.
4.09 ( 10-22 J

D.
4.09 ( 10-28 J

E.
1.07 ( 10-48 J

 

16.
In an electron microscope, electrons are accelerated to great velocities. Calculate the wavelength of an electron traveling with a velocity of 7.0 ( 103 kilometers per second. The mass of an electron is 9.1 ( 10-28 g. 


A.
1.0 ( 10-13 m

B.
1.0 ( 10-7 m

C.
1.0 m

D.
1.0 ( 10-10 m

 

17.
Calculate the wavelength associated with a 20Ne+ ion moving at a velocity of 2.0 ( 105 m/s. The atomic mass of Ne-20 is 19.992 amu. 


A.
1.0 ( 10-13 m

B.
1.0 ( 10-16 m

C.
1.0 ( 10-18 m

D.
9.7 ( 1012 m

E.
2.0 ( 10-13 cm

 

18.
Calculate the wavelength of a neutron that has a velocity of 200. cm/s. (The mass of a neutron = 1.675 ( 10-27 kg.) 


A.
1.98 ( 10-9 m

B.
216 nm

C.
1.8 ( 1050 m

D.
198 nm

E.
5.05 mm

 

19.
A common way of initiating certain chemical reactions with light involves the generation of free halogen atoms in solution. If (H for the reaction Cl2(g) ( 2Cl(g) is 242.8 kJ/mol, what is the longest wavelength of light that will produce free chlorine atoms in solution? 


A.
246.3 nm

B.
465.2 nm

C.
349.3 nm

D.
698.6 nm

E.
492.6 nm

 

20.
The longest wavelength of light that causes electrons to be ejected from the surface of a copper plate is 243 nm. What is the maximum velocity of the electrons ejected when light of wavelength 200. nm shines on a copper plate? 


A.
1.48 ( 106 m/s

B.
6.22 ( 105 m/s

C.
4.67 ( 104 m/s

D.
1.97 ( 104 m/s

E.
1.34 ( 106 m/s

 

21.
When photons with a wavelength of 310. nm strike a magnesium plate, the maximum velocity of the ejected electrons is 3.45 ( 105 m/s. Calculate the binding energy of electrons to the magnesium surface. 


A.
386 kJ/mol

B.
419 kJ/mol

C.
32.7 kJ/mol

D.
321 kJ/mol

E.
353 kJ/mol

 

22.
Electrons can be used to probe the arrangement of atoms on a solid surface if the wavelength of the electrons is comparable with the spacing between the atoms. Which of the following electron velocities would be appropriate for use in this application if the atoms are separated by 0.320 nm? 


A.
2.27 ( 106 m/s

B.
1.24 ( 103 m/s

C.
3.00 ( 108 m/s

D.
4.41 ( 106 m/s

E.
8.06 ( 103 m/s

 

23.
A single pulse of a laser yields an average of 5.00 ( 1018 photons with ( = 633 nm. If melting ice to water at 0(C requires 6.01 kJ/mol, what is the fewest number of laser pulses need to melt 10.0 g of ice? 


A.
3830

B.
3340

C.
38300

D.
2120

E.
212

 

24.
Which one of the following sets of quantum numbers is not possible?
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25.
Which one of the following sets of quantum numbers is not possible?
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26.
What is the maximum number of electrons in a atom that can have the following set of quantum numbers?
        n = 4        l = 3        ml = -2        ms = +1/2  


A.
0 

B.
1 

C.
2 

D.
6 

E.
10 

 

27.
A possible set of quantum numbers for the last electron added to complete an atom of gallium Ga in its ground state is

[image: image4.wmf]  


A.
Row 1.

B.
Row 2.

C.
Row 3.

D.
Row 4.

E.
Row 5.

 

28.
A possible set of quantum numbers for the last electron added to complete an atom of germanium in its ground state is

[image: image5.wmf]  


A.
Row 1.

B.
Row 2.

C.
Row 3.

D.
Row 4.

E.
Row 5.

 

29.
Electrons in an orbital with l = 3 are in a 


A.
d orbital.

B.
f orbital.

C.
g orbital.

D.
p orbital.

E.
s orbital.

 

30.
The number of orbitals in a d subshell is 


A.
1.

B.
2.

C.
3.

D.
5.

E.
7.

 

31.
The maximum number of electrons that can occupy an energy level described by the principal quantum number, n, is 


A.
n.

B.
n + 1.

C.
2n.

D.
2n2.

E.
n2.

 

32.
How many orbitals are allowed in a subshell if the angular momentum quantum number for electrons in that subshell is 3? 


A.
1

B.
3

C.
5

D.
7

E.
9

 

33.
"No two electrons in an atom can have the same four quantum numbers" is a statement of 


A.
the Pauli exclusion principle.

B.
Bohr's equation.

C.
Hund's rule.

D.
de Broglie's relation.

E.
Dalton's atomic theory.

 

34.
The orbital diagram for a ground-state nitrogen atom is

[image: image6.wmf]  


A.
Row 1.

B.
Row 2.

C.
Row 3.

D.
Row 4.

 

35.
The orbital diagram for a ground-state oxygen atom is
[image: image7.wmf]  


A.
Row 1.

B.
Row 2.

C.
Row 3.

D.
Row 4.

E.
Row 5.

 

36.
The orbital diagram for a ground state carbon atom is

[image: image8.wmf]  


A.
Row 1.

B.
Row 2.

C.
Row 3.

D.
Row 4.

 

37.
Which ground-state atom has an electron configuration described by the following orbital diagram?

         [image: image9.wmf]    


A.
phosphorus 

B.
germanium 

C.
selenium 

D.
tellurium 

E.
none of these 

 

38.
Which ground-state atom has an electron configuration described by the following orbital diagram?
                                             [image: image10.wmf]    


A.
phosphorus 

B.
nitrogen 

C.
arsenic 

D.
vanadium 

E.
none of these 

 

39.
How many unpaired electrons does a ground-state atom of sulfur have?  


A.
0 

B.
1 

C.
2 

D.
3 

E.
4 

 

40.
Which element has the following ground-state electron configuration?

1s22s22p63s2  


A.
Na 

B.
Mg 

C.
Al 

D.
Si 

E.
Ne 

 

41.
Which element has the following ground-state electron configuration?

        [Kr]5s24d105p3  


A.
Sn 

B.
Sb 

C.
Pb 

D.
Bi 

E.
Te 

 

42.
Which element has the following ground-state electron configuration?

[Kr]5s24d105p2 


A.
Sn

B.
Sb

C.
Pb

D.
Ge

E.
Te

 

43.
The electron configuration of a ground-state Co atom is 


A.
[Ar]4s23d7.

B.
1s22s22p63s23d9.

C.
[Ne]3s23d7.

D.
[Ar]4s13d5.

E.
[Ar]4s24d7.

 

44.
The electron configuration of a ground-state vanadium atom is 


A.
[Ar]4s24d3.

B.
[Ar]4s24p3.

C.
[Ar]4s23d3.

D.
[Ar]3d5.

 

45.
The electron configuration of a ground-state copper atom is 


A.
[Ar]4s24d4.

B.
[Ar]4s24p63d3.

C.
[Ar]4s23d9.

D.
[Ar]3d9.

E.
[Ar]4s13d10.

 

46.
The ground-state electron configuration for an atom of indium is 


A.
[Kr]5s24p64d5.

B.
[Ar]4s23d104p1.

C.
[Ar]4s24p63d5.

D.
[Kr]5s25p64d5.

E.
[Kr]5s24d105p1.

 

47.
The ground-state electron configuration of a calcium atom is 


A.
[Ne]3s2.

B.
[Ne]3s23p6.

C.
[Ar]4s13d1.

D.
[Ar]4s2.

E.
[Ar]3d2.

 

48.
How many electrons are there in the 2nd principal energy level (n = 2) of a phosphorus atom? 


A.
3

B.
5

C.
6

D.
8

E.
10

 

49.
How many electrons are there in the 3rd principal energy level (n = 3) of a phosphorus atom? 


A.
3

B.
5.

C.
6

D.
8

E.
10

 

50.
A ground-state atom of manganese has ___ unpaired electrons and is _____. 


A.
0, diamagnetic

B.
2, diamagnetic

C.
3, paramagnetic

D.
5, paramagnetic

E.
7, paramagnetic

 

51.
A ground-state atom of vanadium has ___ unpaired electrons and is _____. 


A.
0, diamagnetic

B.
2, diamagnetic

C.
3, paramagnetic

D.
5, paramagnetic

E.
4, diamagnetic

 

52.
A ground-state atom of iron has ___ unpaired electrons and is _____. 


A.
0, diamagnetic

B.
6, diamagnetic

C.
3, paramagnetic

D.
5, paramagnetic

E.
4, paramagnetic

 

53.
Transition metal elements have atoms or ions with partially filled 


A.
s subshells.

B.
p subshells.

C.
d subshells.

D.
f subshells.

E.
g subshells.

 

54.
Lanthanide (or rare earth elements) have atoms or ions with partially filled 


A.
s subshells.

B.
p subshells.

C.
d subshells.

D.
f subshells.

E.
g subshells.

 

55.
Which choice lists two elements with ground-state electron configurations that are well-known exceptions to the Aufbau principle? 


A.
Cu and C

B.
Cr and Cu

C.
Cs and Cl

D.
Rb and Co

E.
Fe and Co

 

56.
A ground-state chromium atom has how many unpaired electrons? 


A.
1

B.
2

C.
4

D.
5

E.
6

 

57.
Which of these choices is the electron configuration of an excited state of an oxygen atom? 


A.
1s22s22p4
B.
1s22s22p5
C.
1s22s22p33s1
D.
1s22s22p6
E.
1s22s22p3
 

58.
Which of these choices is the electron configuration of an excited state of an iron atom? 


A.
[Ar]4s23d7
B.
[Ar]4s23d6
C.
[Ar]4s23d8
D.
[Ar]4s13d7
E.
[Ar]4s13d5
 

59.
Which of these choices is the electron configuration of an excited state of a copper atom? 


A.
[Ar]4s23d9
B.
[Ar]4s13d10
C.
[Ar]4s13d8
D.
[Ar]4s23d8
E.
[Ar]4s03d10
 

60.
The ground-state electron configuration of Cr, Mo, and Ag are exceptions to the Aufbau principle. Which of the following is the electron configuration for Mo? 


A.
[Kr]5s14d5
B.
[Kr]5s24d4
C.
[Xe]6s25d4
D.
[Ar]4s24d4
E.
[Kr]5s24d6
 

61.
How many electrons in a ground-state tellurium atom are in orbitals labeled by l = 1? 


A.
4

B.
10

C.
12

D.
16

E.
22

 

62.
How many electrons in a ground-state cadmium atom are in orbitals labeled by ml = -1? 


A.
2

B.
10

C.
12

D.
18

E.
36

 

63.
Which of these ground-state atoms is diamagnetic? 


A.
Ca

B.
As

C.
Cu

D.
Fe

E.
none of these

 

64.
Which of these atoms is paramagnetic both in its ground state and in all of its excited states? 


A.
C

B.
N

C.
O

D.
Ti

E.
Cr

 

65.
Which of these atoms is diamagnetic both in its ground state and in all of its excited states? 


A.
Mg

B.
Ne

C.
Cu

D.
Zn

E.
none of these

 

66.
The electron in a hydrogen atom falls from an excited energy level to the ground state in two steps, causing the emission of photons with wavelengths of 2624 and 97.2 nm. What is the quantum number of the initial excited energy level from which the electron falls? 


A.
2

B.
3

C.
4

D.
6

E.
8

 

67.
The electron in a hydrogen atom falls from an excited energy level to the ground state in two steps, causing the emission of photons with wavelengths of 1870 and 102.5 nm. What is the quantum number of the initial excited energy level from which the electron falls? 


A.
2

B.
3

C.
4

D.
6

E.
8

 

68.
When the electron in a hydrogen atom falls from the n = 3 excited energy level to the ground state energy level, a photon with wavelength ( is emitted. An electron having this same wavelength would have a velocity of 


A.
7.10 ( 103 m/s.

B.
2.93 ( 106 m/s.

C.
2.93 ( 103 m/s.

D.
7.10 m/s.

E.
3.00 ( 108 m/s.

 

69.
When the electron in a hydrogen atom falls from its first excited energy level to the ground state energy level, a photon with wavelength ( is emitted. A proton having this same wavelength would have a velocity of 


A.
3.87 m/s.

B.
5990 m/s.

C.
1.21 ( 10-7 m/s.

D.
3.26 m/s.

E.
5.99 m/s.

 

70.
Breaking the oxygen-oxygen bond in hydrogen peroxide requires 210 kJ/mol. What is the longest wavelength of light that can cause this bond to be broken? 


A.
5.7 ( 10-4 m

B.
9.5 ( 10-31 m

C.
2.8 ( 10-7 m

D.
9.5 ( 10-28 m

E.
5.7 ( 10-7 m

 

71.
A photovoltaic cell converts light into electrical energy. Suppose a certain photovoltaic cell is only 63.5% efficient, in other words, that 63.5% of the light energy is ultimately recovered. If the energy output of this cell is used to heat water, how many 520 nm photons must be absorbed by the photovoltaic cell in order to heat 10.0 g of water from 20.0(C to 30.0(? [Given: The specific heat of water is 4.184 J/g·(C.] 


A.
4.12 ( 1020
B.
1.72 ( 1021
C.
2.62 ( 1020
D.
6.95 ( 1020
E.
1.10 ( 1021
 

72.
Write the ground state electron configuration for the selenium atom. 






 

73.
Write the ground state electron configuration for the phosphorus atom. 






 

74.
Calculate the energy of a photon of light with a wavelength of 360 nm. 






 

75.
What is the difference in the electron configuration between carbon-14 and carbon-12? 






 

76.
With regard to electron behavior, what happens when light is absorbed or emitted by an atom? 






 

77.
What is the total number of electrons possible in the 2p orbitals? 






 

78.
What is the total number of electrons possible in the 6s orbital? 






 

79.
What is the ground-state electron configuration for chlorine? 






 

80.
If one electron is added to the outer shell of chlorine, to which element would the configuration be similar? 






 

81.
What is the electron configuration of calcium? 






 

82.
If we take away two electrons from the outer shell of calcium, to which element would the structure be similar? 






 

83.
The colors of the visible spectrum are red, orange, yellow, green, blue, and violet.
Of these colors, _______ has the most energy. 






 

84.
The colors of the visible spectrum are red, orange, yellow, green, blue, and violet.
Of these colors, ______ has the least energy. 






 

85.
What is the outermost electron configuration of O? 






 

86.
What is the outermost electron configuration of S? 






 

87.
What is the outermost electron configuration of Se? 






 

88.
What is the outermost electron configuration of Te? 






 

89.
What is the outermost electron configuration of Be? 






 

90.
What is the outermost electron configuration of Mg? 






 

91.
What is the outermost electron configuration of Ca? 






 

92.
What is the outermost electron configuration of Sr? 






 

93.
What is the wavelength, in meters, of an alpha particle with a kinetic energy of 8.0 ( 10-13 J. [mass of an alpha particle = 4.00150 amu; 1 amu = 1.67 ( 10-27 kg] 






 

94.
What is the wavelength of a ball bearing with a mass of 10.0 g, and a velocity of 10.0 cm/s? 






 

95.
The bonds of oxygen molecules are broken by sunlight. The minimum energy required to break the oxygen-oxygen bond is 495 kJ/mol. What is the wavelength of sunlight that can cause this bond breakage? 






 

96.
The Bohr model of the hydrogen atom found its greatest support in experimental work on the photoelectric effect. 

True    False

 

97.
An electron in a 3p orbital could have a value of 2 for its angular momentum quantum number (l). 

True    False

 

98.
A neon atom in its ground state will be diamagnetic. 

True    False

 

99.
Each shell (principal energy level) of quantum number n contains n subshells. 

True    False

 

100.
For all atoms of the same element, the 2s orbital is larger than the 1s orbital. 

True    False

 

101.
According to de Broglie's equation, the wavelength associated with the motion of a particle increases as the particle mass decreases. 

True    False

 

102.
The frequency of the emitted light from a cesium atom is an intensive property. 

True    False
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23.D
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29.B

 

30.D

 

31.D

 

32.D

 

33.A

 

34.A

 

35.D

 

36.D

 

37.C

 

38.A

 

39.C

 

40.B

 

41.B

 

42.A

 

43.A

 

44.C

 

45.E

 

46.E

 

47.D

 

48.D

 

49.B

 

50.D

 

51.C

 

52.E

 

53.C

 

54.D

 

55.B

 

56.E

 

57.C

 

58.D

 

59.A

 

60.A

 

61.E

 

62.B

 

63.A

 

64.B

 

65.E

 

66.D

 

67.C

 

68.A

 

69.D

 

70.E

 

71.B

 

72.[Ar] 4s23d104p4

 

73.[Ne] 3s23p3

 

74.5.5 ( 10-19 J

 

75.There is no difference.

 

76.The electrons move between orbitals.

 

77.6

 

78.2

 

79.1s22s22p63s23p5 or [Ne]3s23p5

 

80.Argon

 

81.1s22s22p63s23p64s2 or [Ar]4s2

 

82.Argon

 

83.violet

 

84.red

 

85.2s22p4

 

86.3s23p4

 

87.4s23d104p4

 

88.5s24d105p4

 

89.2s2

 

90.3s2

 

91.4s2

 

92.5s2

 

93.6.4 ( 10-15 m

 

94.6.63 ( 10-22 nm

 

95.242 nm

 

96.FALSE

 

97.FALSE

 

98.TRUE

 

99.TRUE

 

100.TRUE

 

101.TRUE

 

102.TRUE

 

