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____________________________________________________________________________
Question #: 1

Which statement is a postulate of kinetic molecular theory?
A. The size of a gas particle is negligibly small compared to the distance between gas

particles.
B. The average kinetic energy of a gas particle is inversely proportional to the temperature in
Kelvins.
C. Gas particles do not collide with each other.
D. All gas molecules are attracted to each other.
____________________________________________________________________________
Question #: 2

Select the container which will have the fastest root-mean-square speed for the molecules.
A. A 1 L vessel of He(g) at 300 K.
B. A 1 L vessel of Ne(g) at 300 K.
C. A 2 L vessel of He(g) at 100 K.
D. A 2 L vessel of Ne(g) at 100 K.
____________________________________________________________________________
Question #: 3

Select the conditions that would lead to the least ideal (most real) gas behavior for oxygen gas.
A. O2 at 150 °C and 8.0 atm
B. O2 at 150 °C and 0.90 atm
C. O2 at –17 °C and 8.0 atm
D. O2 at –17 °C and 0.90 atm

____________________________________________________________________________
Question #: 4

Consider the image below. Two hikers started and finished their hike at the same point. The
"blue" hiker followed the blue path. The "red hiker" followed the red path up the mountain.
Which property is a state function and why?

A. Altitude is a state function because the path taken does not affect the change in altitude.
B. The distance traveled is a state function because the path taken does not affect the

distance traveled.
C. Work is a state function because work is path dependent.
D. Altitude, distance, and work are all three state functions because they do not depend upon
the path taken.
____________________________________________________________________________
Question #: 5

When the system is the reference, select the two correct statements below.
A. When work in done by the system on the surroundings, the sign of work is positive (+).
B. When work is done by the system on the surrounding, the sign of work is negative (-).
C. When heat is transferred from the system to the surroundings, the sign of heat is positive

(+).
D. When heat is transferred from the system to the surroundings, the sign of heat is negative
(-).
____________________________________________________________________________

Question #: 6

If a system absorbs 375 J of energy from the surroundings while it does 96.0 J of work, what is
the change in internal energy of the system?
Report your answer with three significant figures. Do NOT include units in your answer.
1
J

1.
____________________________________________________________________________
Question #: 7

A balloon inflates from 1.68 L to 2.55 L against a constant external pressure of 3.00 atm.
How much work is done by the balloon? (1 L.atm = 101.3 J)
A. +2.68 J
B. +283 J
C. –0.290 J
D. –264 J
____________________________________________________________________________
Question #: 8

Which sample of metal will require the most energy to raise the temperature by 5 °C?
Cs (Cu) = 0.385 J/g·°C
Cs (Fe) = 0.449 J/g·°C
A. 5 grams of copper
B. 5 grams of iron
C. 10 grams of copper
D. 10 grams of iron
____________________________________________________________________________

Question #: 9

It was determined that a 50.0-gram sample of the alloy required 188 J of heat to raise the
temperature of the alloy by 10.0 °C. What is the specific heat of the alloy?
Cs = 1 J/g·ºC
Report your answer with three significant figures. Do NOT include units in your answer.

1.
____________________________________________________________________________
Question #: 10

A 46.07 g sample of ethanol (C2H5OH, 46.07 g/mol) is burned in a bomb calorimeter, according
to the following reaction equation. If the temperature of the calorimeter rises from 13.0 °C to
62.3 °C, what is the heat capacity of the calorimeter?
C2H5OH(l) + 3 O2(g) →2 CO2(g) + 3 H2O(g) ΔH°rxn = –1235 kJ

A. 26.3 kJ/°C
B. 32.7 kJ/°C
C. 25.1 kJ/°C
D. 8.02 kJ/°C
____________________________________________________________________________
Question #: 11

The enthalpy of formation, ΔHfo, of sodium chloride (NaCl) = –411.2 kJ/mol. Which reaction is
the formation reaction of NaCl and corresponds to this energy value?
A. 2 Na(s) + Cl2(g) → 2 NaCl(s)
B. Na(s) + 1/2 Cl2(g) →NaCl(s)
C. NaCl(s) →Na(s) + 1/2 Cl2(g)
D. Na+(g) + Cl–(g) →NaCl(s)
____________________________________________________________________________

Question #: 12

From the information provided, what is the standard enthalpy of formation, ΔHof , for IF(g)?
IF7(g) + I2(g) → IF5(g) + 2 IF(g) ΔHorxn = –89 kJ
IF7(g)
IF5(g)

ΔHof
–941 kJ/mol
–840 kJ/mol

A. 24 kJ/mol
B. 101 kJ/mol
C. –95 kJ/mol
D. –146 kJ/mol
E. –191 kJ/mol
____________________________________________________________________________
Question #: 13

Use the standard reaction enthalpies below to determine ΔH°rxn for the reaction:
CCl4(g) + 4 HCl(g) → CH4(g) + 4 Cl2(g) ΔH°rxn =
1
kJ
Given:
C(s) + 2 H2(g) → CH4(g)
ΔH°rxn = –74.6 kJ
C(s) + 2 Cl2(g) → CCl4(g)
ΔH°rxn = –95.7 kJ
Cl2(s) + H2(g) → 2 HCl(g)
ΔH°rxn = –92.3 kJ
Report your answer with three significant figures. Do NOT include units in your answer.

1.
____________________________________________________________________________

Question #: 14

Compare x-ray and gamma ray radiation from the electromagnetic spectrum and answer the
following questions:

have longer wavelength (Answer x-ray or gamma ray)
have more energy per photon. (Answer x-ray or gamma ray)

1
2

1.
2.
____________________________________________________________________________
Question #: 15

What is the energy of a photon of orange light (λ = 623 nm)?
A. 3.19 ×10–19 J
B. 4.82 ×10–14 J
C. 187 J
D. 3.75 ×10–26 J
____________________________________________________________________________
Question #: 16

A laser used to weld detached retinas produces radiation with a frequency of 4.69 x 1014
Hz. What is the wavelength of the radiation in nanometers?
1 nm
Report your answer with three significant figures. Do NOT include units in your answer. Use
the format 2.22E2 or 2.22E-2 for answers in scientific notation.

1.
____________________________________________________________________________

Question #: 17

The image below illustrates the photoelectric effect. Match each sentence beginning, with the
correct sentence conclusion by putting the letter in the blank.

Sentence Beginning
Below some minimum
frequency (ν0), called the
threshold
frequency 1
Above the threshold
frequency (ν0), as the
frequency
increases 2
Above the threshold
frequency (ν0), as the
intensity of light
increases 3
The binding energy of
the electron is 4

Sentence Conclusion
A. the kinetic energy of
the emitted electrons
increases.
B. no electrons can be
emitted from the metal
surface.
C. photons.
D. the number of
electrons emitted
increases.

Sentence Beginning
The experiment was used
to hypothesize the
existence of 5

Sentence Conclusion
E. the minimum energy
required to remove an
electron from the metal
surface.
F. wave nature of light.

1.
2.
3.
4.
5.
____________________________________________________________________________
Question #: 18

Which of the following statements is true about atomic spectra A and B?

A. Spectra A and B are emission spectra for the same element but at different wavelengths.
B. Spectra A and B are emission spectra for two different elements.
C. Spectra A and B are absorption spectra for two different elements.
D. A is an absorption spectrum and B is an emission spectrum for two different elements.
____________________________________________________________________________

Question #: 19

A hydrogen atom releases the least energy when it undergoes which of the following electronic
transitions?

A. n = 2 to n = 1
B. n = 3 to n = 1
C. n = 3 to n = 2
D. n = 4 to n = 2
____________________________________________________________________________

Question #: 20

How much energy must a hydrogen atom absorb to make the transition from the n = 1 ground
state to the n = 4 excited state?
1 J
Report your answer with two significant figures. Do NOT include units in your answer. Use
the format 2.2E2 or 2.2E-2 for answers in scientific notation.

1.
____________________________________________________________________________
Question #: 21

What is the velocity of a marble (mass = 9.66 grams) with a de Broglie wavelength of 3.46 × 10-

33 m?

A. 11.3 m/s
B. 19.8 m/s
C. 38.8 m/s
D. 45.2 m/s
E. 52.9 m/s
____________________________________________________________________________
Question #: 22

An electron has quantum numbers n = 3, l = 1, and ml = –1
Which orbital (sublevel or subshell) is this electron in?
1
(Your answer must consist of one number and one letter. For example 2s, 2p, 4f)

1.
____________________________________________________________________________

Question #: 23

How many orbitals in an atom can have the quantum numbers n = 4 and ml = 0?
1

1.
____________________________________________________________________________
Question #: 24

Identify each of these atomic orbitals by filling in each numbered blank
( 1 , 2 , 3 , 4 ) with s, p, d or f.

1.
2.
3.
4.
____________________________________________________________________________
Question #: 25

2.0 grams of water is exposed to infrared radiation with a wavelength of 2.8 ×10–6 m. Assuming
that all the radiation is absorbed and converted to heat, how many photons are required to raise
the water temperature 2.0 °C? The specific heat of water is 4.18 J/g.°C
1
photons
Report your answer with three significant figures. Do NOT include units in your answer.
Report your answer in scientific notation with the format 2.2E2 or 2.2E-2.

1.
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Question #: 1

Which statement is a postulate of kinetic molecular theory?
✓A. The size of a gas particle is negligibly small compared to the distance between gas

particles.
B. The average kinetic energy of a gas particle is inversely proportional to the temperature in
Kelvins.
C. Gas particles do not collide with each other.
D. All gas molecules are attracted to each other.

Question #: 2

Select the container which will have the fastest root-mean-square speed for the molecules.

✓A. A 1 L vessel of He(g) at 300 K.
B. A 1 L vessel of Ne(g) at 300 K.
C. A 2 L vessel of He(g) at 100 K.
D. A 2 L vessel of Ne(g) at 100 K.

Question #: 3

Select the conditions that would lead to the least ideal (most real) gas behavior for oxygen gas.
A. O at 150 °C and 8.0 atm

2
2
✓C. O at –17 °C and 8.0 atm
2
D. O at –17 °C and 0.90 atm
2
B. O at 150 °C and 0.90 atm

Question #: 4

Consider the image below. Two hikers started and finished their hike at the same point. The
"blue" hiker followed the blue path. The "red hiker" followed the red path up the mountain.
Which property is a state function and why?

✓A. Altitude is a state function because the path taken does not affect the change in altitude.
B. The distance traveled is a state function because the path taken does not affect the

distance traveled.
C. Work is a state function because work is path dependent.
D. Altitude, distance, and work are all three state functions because they do not depend upon
the path taken.

Question #: 5

When the system is the reference, select the two correct statements below.
A. When work in done by the system on the surroundings, the sign of work is positive (+).
✓B. When work is done by the system on the surrounding, the sign of work is negative (-).
C. When heat is transferred from the system to the surroundings, the sign of heat is positive

(+).
✓D. When heat is transferred from the system to the surroundings, the sign of heat is negative
(-).

Question #: 6

If a system absorbs 375 J of energy from the surroundings while it does 96.0 J of work, what is
the change in internal energy of the system?
Report your answer with three significant figures. Do NOT include units in your answer.
1

J
1. 279|+279|

Question #: 7

A balloon inflates from 1.68 L to 2.55 L against a constant external pressure of 3.00 atm.
How much work is done by the balloon? (1 L.atm = 101.3 J)
A. +2.68 J
B. +283 J
C. –0.290 J
✓D. –264 J

Question #: 8

Which sample of metal will require the most energy to raise the temperature by 5 °C?
Cs (Cu) = 0.385 J/g·°C
Cs (Fe) = 0.449 J/g·°C

A. 5 grams of copper
B. 5 grams of iron
C. 10 grams of copper
✓D. 10 grams of iron

Question #: 9

It was determined that a 50.0-gram sample of the alloy required 188 J of heat to raise the
temperature of the alloy by 10.0 °C. What is the specific heat of the alloy?
Cs =

1

J/g·ºC

Report your answer with three significant figures. Do NOT include units in your answer.
1. 0.376|.376|

Question #: 10

A 46.07 g sample of ethanol (C2H5OH, 46.07 g/mol) is burned in a bomb calorimeter, according
to the following reaction equation. If the temperature of the calorimeter rises from 13.0 °C to
62.3 °C, what is the heat capacity of the calorimeter?
C2H5OH(l) + 3 O2(g) →2 CO2(g) + 3 H2O(g) ΔH°rxn = –1235 kJ

A. 26.3 kJ/°C
B. 32.7 kJ/°C
✓C. 25.1 kJ/°C
D. 8.02 kJ/°C

Question #: 11

The enthalpy of formation, ΔHfo, of sodium chloride (NaCl) = –411.2 kJ/mol. Which reaction is
the formation reaction of NaCl and corresponds to this energy value?
A. 2 Na(s) + Cl (g) → 2 NaCl(s)

2

✓B. Na(s) + 1/2 Cl (g) →NaCl(s)

2

C. NaCl(s) →Na(s) + 1/2 Cl (g)

+

–

2

D. Na (g) + Cl (g) →NaCl(s)

Question #: 12

From the information provided, what is the standard enthalpy of formation, ΔHof , for IF(g)?
IF7(g) + I2(g) → IF5(g) + 2 IF(g) ΔHorxn = –89 kJ
Hof
IF7(g)

–941 kJ/mol

IF5(g)

–840 kJ/mol

A. 24 kJ/mol
B. 101 kJ/mol
✓C. –95 kJ/mol
D. –146 kJ/mol
E. –191 kJ/mol

Question #: 13

Use the standard reaction enthalpies below to determine ΔH°rxn for the reaction:
CCl4(g) + 4 HCl(g) → CH4(g) + 4 Cl2(g) ΔH°rxn =
Given:
C(s) + 2 H2(g) → CH4(g)

ΔH°rxn = –74.6 kJ

C(s) + 2 Cl2(g) → CCl4(g)

ΔH°rxn = –95.7 kJ

Cl2(s) + H2(g) → 2 HCl(g)

1

kJ

ΔH°rxn = –92.3 kJ

Report your answer with three significant figures. Do NOT include units in your answer.
1. 206|205|207|

Question #: 14

Compare x-ray and gamma ray radiation from the electromagnetic spectrum and answer the
following questions:

1

have longer wavelength (Answer x-ray or gamma ray)

2

have more energy per photon. (Answer x-ray or gamma ray)
1. x-ray|xray|X-ray|
2. gamma|gamma ray|gamma rays|

Question #: 15

What is the energy of a photon of orange light (λ = 623 nm)?
–19 J
–14 J
B. 4.82 ×10

✓A. 3.19 ×10
C. 187 J

–26 J

D. 3.75 ×10

Question #: 16

A laser used to weld detached retinas produces radiation with a frequency of 4.69 x 1014 Hz.
What is the wavelength of the radiation in nanometers?
1

nm

Report your answer with three significant figures. Do NOT include units in your answer. Use
the format 2.22E2 or 2.22E-2 for answers in scientific notation.
1. 640|6.40E2|6.40 E2|

Question #: 17

The image below illustrates the photoelectric effect. Match each sentence beginning, with the
correct sentence conclusion by putting the letter in the blank.

ing

Sentence Conclusion

imum frequency (0), called the
ncy 1

A. the kinetic energy of the emitte
increases.

hold frequency (0), as the
ses 2

B. no electrons can be emitted fro
surface.

hold frequency (0), as the
increases 3

C. photons.

rgy of the electron is

4

was used to hypothesize the

D. the number of electrons emitte

E. the minimum energy required
electron from the metal surface.
F. wave nature of light.

1. B.|B|
2. A.|A|
3. D.|D|
4. E.|E|
5. C.|C|

Question #: 18

Which of the following statements is true about atomic spectra A and B?

A. Spectra A and B are emission spectra for the same element but at different wavelengths.
✓B. Spectra A and B are emission spectra for two different elements.
C. Spectra A and B are absorption spectra for two different elements.
D. A is an absorption spectrum and B is an emission spectrum for two different elements.

Question #: 19

A hydrogen atom releases the least energy when it undergoes which of the following electronic
transitions?

A. n = 2 to n = 1
B. n = 3 to n = 1
✓C. n = 3 to n = 2
D. n = 4 to n = 2

Question #: 20

How much energy must a hydrogen atom absorb to make the transition from the n = 1 ground
state to the n = 4 excited state?
1

J

Report your answer with two significant figures. Do NOT include units in your answer. Use the
format 2.2E2 or 2.2E-2 for answers in scientific notation.
1. 2.0E-18|2.0 E-18|

Question #: 21

What is the velocity of a marble (mass = 9.66 grams) with a de Broglie wavelength of 3.46 × 1033 m?
A. 11.3 m/s
✓B. 19.8 m/s
C. 38.8 m/s
D. 45.2 m/s
E. 52.9 m/s

Question #: 22

An electron has quantum numbers n = 3, l = 1, and ml = –1
Which orbital (sublevel or subshell) is this electron in?

1

(Your answer must consist of one number and one letter. For example 2s, 2p, 4f)
1. 3p|3 p|3P|3 P|

Question #: 23

How many orbitals in an atom can have the quantum numbers n = 4 and ml = 0?
1
1. 4|four|

Question #: 24

Identify each of these atomic orbitals by filling in each numbered blank ( 1 ,
4 ) with s, p, d or f.

2 ,

3 ,

1. d
2. p
3. f
4. s

Question #: 25

2.0 grams of water is exposed to infrared radiation with a wavelength of 2.8 ×10–6 m. Assuming
that all the radiation is absorbed and converted to heat, how many photons are required to raise
the water temperature 2.0 °C? The specific heat of water is 4.18 J/g.°C
1

photons

Report your answer with three significant figures. Do NOT include units in your answer.
Report your answer in scientific notation with the format 2.2E2 or 2.2E-2.
1. 2.35e20|2.35E20|2.35 e20|2.35 E20|

