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** This paper consists of 9 sheets with 10 problems (page 7 - 8: constants & periodic table, page 9: claim form).
Please check all page numbers before taking the exam. Write down your work and answers in the Answer sheet.
Please write down the unit of your answer when applicable. You will get 30% deduction for a missing unit.
NOTICE: SCHEDULES on RETURN and CLAIM of the MARKED EXAM PAPER.
(채점답안지 분배 및 이의신청 일정)
1. Period, Location, and Procedure
1) Return and Claim Period: October 23 (Mon, 19: 00 ~ 20:00 p.m.)
2) Location: Room for quiz sessions
3)

Procedure:
Rule 1: Students cannot bring their own writing tools into the room. (Use a pen only provided by TA)
Rule 2: With or without claim, you must submit the paper back to TA. (Do not go out of the room with it)

If you have any claims on it, you can submit the claim paper with your opinion. After writing your opinions on the
claim form, attach it to your mid-term paper with a stapler. Give them to TA.
(The claim is permitted only on the period. Keep that in mind! A solution file with answers for the examination will
be uploaded on the web.)
2. Final Confirmation
1) Period: Oct 26 (Thu) – Oct 27 (Fri)
2) Procedure: During this period, you can check final score of the examination on the website again.
** For further information, please visit General Chemistry website at www.gencheminkaist.pe.kr.
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1. (total 10 pts: each 2 pts for a right answer, -1 pt for a wrong answer, 0 pt for no answer)
Read the following statements and verify whether these are “TRUE (T)” or “FALSE (F)”.

(a) For neutral atoms, second ionization energy is always higher than the first ionization energy
(except Hydrogen atom)
(Answer)
(b) Probability of finding the particle in a region is proportional to the value of |Ψ|2.
(Answer)

(c) For the energy of a wavefunction to be quantized, the wavefunction must have boundary conditions
(Answer)

(d) Atomic radius is defined as half the distance between the centers of neighboring ions in an ionic
solid.
(Answer)

(e) The relative energy order of atomic orbitals follows … 3s < 3p < 3d < 4s < 4p….
(Answer)

2. (total 10 pts)
He+ ions are observed in stellar atmospheres. Use the Bohr model to calculate the radius and the
energy of He+ in the n = 5 state. Express the following results in SI units.
(a) [5 pts] How much energy would be required to remove the electrons from 1 mol of He+ in this state?
(Answer)

(b) [5 pts] What frequency and wavelength of light would be emitted in a transition from the n = 5 to
the n = 3 state of this ion?
(Answer)

2

3. (total 10 pts)
(a) [5 pts] Write ground-state electron configurations for the ions Li-, Al3+, S-, Ar+, and Te-.
(Answer)

(b) [5 pts] Predict whether these ions are diamagnetic or paramagnetic.
(Answer)

4. (total 10 pts)
(a) [5 pts] The wavelength of the radiation emitted when the outermost electron of aluminum falls
from the 4s state to the ground state is about 395 nm. Calculate the energy separation (in joules)
between these two states in the Al atom.
(Answer)

(b) [5 pts] When the outermost electron in aluminum falls from the 3d state to the ground state, the
radiation emitted has a wavelength of about 310 nm. Draw an energy-level diagram of the states
and transitions discussed here and in (a). Calculate the separation (in joules) between the 3d and
4s states in aluminum. Indicate clearly which has higher energy.
(Answer)

5. (total 10 pts)
How many radial nodes and how many angular nodes does each of the orbitals have?
(a) [5 pts] n = 3, ℓ = 2
(Answer)

3

(b) [5 pts] n = 7, ℓ = 4
(Answer)

6. (total 10 pts: each 2 pts)
Which atom or ion in each pair has larger ionization energy? Justify your answer with their electronic
configurations.
(a) Na, Na⁺
(Answer)

(b) N, O
(Answer)

(c) F, Cl
(Answer)

Predict whether the atoms below are paramagnetic or diamagnetic. Justify your answer with their
electronic configurations.
(d) Cr
(Answer)

(e) Zn
(Answer)

7. (total 6 pts) Find out the most favorable Lewis diagrams with all resonance structures for the
following molecules and the corresponding VSEPR structures with appropriate steric numbers.
(a) [3 pts] CH2Cl2
(Answer)

4

(b) [3 pts] MnO4(Answer)

8. (total 10 pts) It takes 334 J to melt 1 g of ice at 0oC.
(a) [5 pts] How many photons at 660 nm must be absorbed to melt 5.0 X 102 g of ice?
(Answer)

(b) [5 pts] On average, how many H2O molecules does one photon convert from ice to water?
(Answer)

9. (total 10 pts)
The left figure shows the radius of atoms and ions
as a function of atomic number. There is an abrupt
change in the rate of increase in the atomic radius,
for example, as going from Ar to Kr.

(a)

[5 pts] Explain its origin in terms of different

shielding effects of orbitals.
(Answer)

(b)

[5 pts] What is the Lanthanide contraction?

Explain its origin in terms of the shielding effect of
f orbitals.
(Answer)

5

10. (total 14 pts)
An orbital energy of many electron atoms can be expressed with effective nuclear charge under the
Hartree approximation as follows.
𝝐𝝐𝒏𝒏 ≈ −

𝟐𝟐
[𝒁𝒁𝒆𝒆𝒆𝒆𝒆𝒆 (𝒏𝒏)]
𝟐𝟐
𝒏𝒏

Ry

Using the following effective nuclear charges of N (1s: 6.00, 2s: 4.00, 2p: 3.00), answer the questions
below.

(a) [3 pts] Calculate all possible first ionization energies in the unit of Ry according to the Koopmans’s
approximation.
(Answer)

(b) [3 pts] Calculate the expected kinetic energies in the unit of Ry when the atom is irradiated by Xray with 100 Ry. Assume that the second ionization energies are much larger than the radiation energy.
(Answer)

(c) [4 pts] Given that the electronic states are frozen upon the ionization, calculate the first electronic
excitation energy of N+ in the unit of Ry.
(Answer)

(d) [4 pts] If an external magnetic field B is applied to N, how many first ionization energies do you
expect? Justify your answer. Ignore the effect of electron spins.
(Answer)

6

------------------------------------------------------------------------------------------------------------------------------------Use the following equations to solve problems.
2
𝑛𝑛
𝑟𝑟𝑛𝑛 = − 𝑎𝑎0 ,
𝑎𝑎0 = 0.529 Å
𝑍𝑍
2 2
𝑛𝑛 ℎ
𝐸𝐸𝑛𝑛 =
,
𝑛𝑛 = 1, 2,3 …
8𝑚𝑚𝑚𝑚2
𝑍𝑍 2 𝑒𝑒 4 𝑚𝑚𝑒𝑒
𝐸𝐸𝑛𝑛 = − 2 2 2 ,
𝑛𝑛 = 1, 2,3 …
8𝜀𝜀0 𝑛𝑛 ℎ
𝑍𝑍 2
𝐸𝐸𝑛𝑛 = − 2 (𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)
𝑛𝑛
𝑐𝑐
𝐸𝐸 = ℎ𝜈𝜈 = ℎ
𝜆𝜆
-------------------------------------------------------------------------------------------------------------------------------------
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2017 FALL Semester Midterm Examination
Answers
1. (total 10 pts: each 2 pts for a right answer, -1 pt for a wrong answer, 0 pt for no answer)
Read the following statements and verify whether these are “TRUE (T)” or “FALSE (F)”.

(a) For neutral atoms, second ionization energy is always higher than the first ionization energy
(except Hydrogen atom)
(Answer)
T
(b) Probability of finding the particle in a region is proportional to the value of |Ψ|2.
(Answer)
T
(c) For the energy of a wavefunction to be quantized, the wavefunction must have boundary conditions
(Answer)
T
(d) Atomic radius defined as half the distance between the centers of neighboring ions in an ionic solid.
(Answer)
F
(e) The relative energy order of atomic orbitals follows … 3s < 3p < 3d < 4s < 4p….
(Answer)
F

2. (total 10 pts)
He+ ions are observed in stellar atmospheres. Use the Bohr model to calculate the radius and the
energy of He+ in the n=5 state. Express following results in SI units.
(Chapter 4-20)
(a) [5 pts] How much energy would be required to remove the electrons from 1 mol of He+ in this state?
(Answer)
According to the Bohr model, the radius of a one-electron atom or ion is

Substitution of Z=2 (for helium) and n=5 gives r =6.61 x 10-10 m. The energy of an allowed state of a oneelectron atom or ion is

For He+ ion in the n=5 state, this energy equals -3.49 x 10-19 J. Removing the electron means changing the
energy of the ion to E = 0. The change in energy is this final value minus the initial value, or +3.49 x 10-19. For
a mole of atoms the energy change is Avogadro`s number times larger or 210 kJ mol-1.

(5.0 ; avogadro number 2.0 calculation 1.0 answer 2.0)
1

(b) [5 pts] What frequency and wavelength of light would be emitted in a transition from the n=5 to the
n=3 state of this ion?
(Answer)
The energy of a He+ ion in the n=3 state is -9.69x10-19 J. The change in energy of a He+ ion in the 5 ->3 transition
equals

(partial point 1.0 if you have wrong answers of wavelength and energy)
The transition gives off energy, as shown by the negative ΔE. The frequency of the photon that carries away
this energy is 9.36x1014 s-1 (2.5 ;procedure 1.0) and the wavelength is 320 nm. (2.5 ;procedure 1.0)

3. (total 10 pts) (Chapter 5-18)
(a) [5 pts] Write ground-state electron configurations for the ions Li-, Al3+, S-, Ar+, and Te-.
(Answer)
Species

Ground state configuration

Li-

1s22s2

Al3+

1s22s22p6

S-

1s22s22p63s23p5

Ar+

1s22s22p63s23p5

Te-

[Kr]4d105s25p5

Each 1 pt
(b) [5 pts] Predict whether these ions are diamagnetic or paramagnetic.
(Answer)
Li-, Al3+: Diamagnetic
S-, Ar+, and Te-.Paramagnetic
Each 1 pt for right answer

4. (total 10 pts) (Chapter 5-56)
(a) [5 pts] The wavelength of the radiation emitted when the outermost electron of aluminum falls
from the 4s state to the ground state is about 395 nm. Calculate the energy separation (in joules)
between these two states in the Al atom.
(Answer)

+ 5 pts
2

(b) [5 pts] When the outermost electron in aluminum falls from the 3d state to the ground state, the
radiation emitted has a wavelength of about 310 nm. Draw an energy-level diagram of the states
and transitions discussed here and in (b). Calculate the separation (in joules) between the 3d and
4s states in aluminum. Indicate clearly which has higher energy.
(Answer)

Right calculation for 310 nm energy: +3 pts.
Right calculation for energy separation +2 pts
5. (total 10 pts)
How many radial nodes and how many angular nodes does each of the orbitals have?
(Chapter 5-4)

(a) [5 pts] n = 3, ℓ = 2
(Answer)

Number of radial node = 0

(2.5 pts)

Number of angular node = 2

(2.5pts)

(b) [5 pts] n = 7, ℓ = 4

(Answer)

Number of radial node = 2

(2.5 pts)

Number of angular node = 4

(2.5 pts)

6. (total 10 pts: 2 pts for each)
Which atom or ion in each pair has larger ionization energy? Justify your answer with their electronic
configurations.
(a) Na, Na⁺
(Answer)
Na+, +1 pt for right answer
Na: [Ne]3s1, Na+: [He]2s22p6; Na satisfies octet rule when it loses an electron, it means that Na has
very small IE. +1 pt for right electron configuration
(b) N, O
3

(Answer)
N, +1 pt for right answer
N: [He]2s22p3, O: [He]2s22p4; O has 1 electron pair in one of 2p orbital so it is less stable than 2p of
N because of electron repulsion. +1 pt for right electron configuration
(c) F, Cl
(Answer)
F, +1 pt for right answer
F: [He]2s22p5, Cl:[Ne]3s23p5; Both F and Cl has same number of valence electrons, but the
energy of 2p is more stable than 3p. +1 pt for right electron configuration
Predict whether the atoms below are paramagnetic or diamagnetic. Justify your answer with their
electronic configurations.
(d) Cr
(Answer)
Paramagnetic. +1 pt for right answer Cr: [Ar]4s13d5, +1 pt for right electron configuration
(e) Zn
(Answer)
Diamagnetic. +1 pt for right answer Zn: [Ar]4s23d10 +1 pt for right electron configuration
7. (total 6 pts) Find out the most favorable Lewis diagrams with all resonance structures for the
following molecules and the corresponding VSEPR structures with appropriate steric numbers.
(a) [3 pts] CH2Cl2
(Answer)

(b) [3 pts] MnO4(Answer)

4

8. (total 10 pts) It takes 334 J to melt 1 g of ice at 0oC.
(a) [5 pts] How many photons at 660 nm must be absorbed to melt 5.0 X 102 g of ice?
(Answer)
The amount of energy that must be absorbed to melt 5.0 X 102 g of ice is
(5.0 X 102 g) X (334 J g-1) = 1.67 X 105 J +2 pts for right answer
The energy of 1 photon at 660 nm is

h=
ν

hc (6.626 ×10−34 Js )(3.00 ×108 ms −1 )
=
= 3.012 ×10−19 J +2 pts for right answer
−9
λ
660 ×10 m

so that the number of photons required to melt the water is

1.67 ×105 J
= 5.54 ×1023 +1 pt for right answer
3.012 ×10−19 J
(reduction by 0.5 pt if you have wrong numbers for each partial point)

(b) [5 pts] On average, how many H2O molecules does one photon convert from ice to water?
(Answer)
The number of H2O molecules converted in the 5.0 X 102 g sample from ice to water is

5.0 ×102 g 6.022 ×1023
= 1.67 ×1025
−1
18.0 gmol
1mol
Since it took 5.54 X 1023 photons to melt the entire sample, the number of H2O molecules converted
from ice to water by 1 photon is

1.67 ×1025
= 30
5.54 ×1023
(Reduction by 1.0 pt if you did minor calculation mistake with (or without) wrong answer
from (a) with Right Formula)
5

(if the formula is wrong, get 0 pt)

9. (total 10 pts)
The left figure shows the atomic radius of atoms
and ions as a function of atomic number. There is
an abrupt change in the rate of increase in the
atomic radius, for example, as going from Ar to Kr.

(a)

[5 pts] Explain its origin in terms of different

shielding effects of orbitals.
(Answer)

The abrupt change in the rate of increase in the atomic radius is due to the filling of the d orbitals.
+2.5 pts for right answer

The d orbitals are much more diffuse/sharp compared to the s,p orbitals, thereby are much less
effective in screening/shielding the nuclear charge. +2.5 pts for right answer

(b) [5 pts] What is the Lanthanide contraction? Explain its origin in terms of the shielding effect of
f orbitals.
(Answer)

The ‘Lanthanide contraction’ is the greater-than-expected decrease in atomic radii of the elements in
the lanthanide series. +2.5 pts for right answer

The effect results from poor screening/shielding of nuclear charge by 4f orbitals. +2.5 pts for right
answer
6

10. (total 14 pts)
An orbital energy of many electron atoms can be expressed with effective nuclear charge under the
Hartree approximation as follows.
𝝐𝝐𝒏𝒏 ≈ −

𝟐𝟐
[𝒁𝒁𝒆𝒆𝒆𝒆𝒆𝒆 (𝒏𝒏)]
𝟐𝟐
𝒏𝒏

Ry

Using the following effective nuclear charges of N (1s: 6.00, 2s: 4.00, 2p: 3.00), answer the questions
below.

(a) [3 pts] Calculate all possible first ionization energies in the unit of Ry according to the Koopmans’s
approximation.
(Answer)
IE = 0 – 𝝐𝝐𝒏𝒏 = –𝝐𝝐𝒏𝒏
IE1s = –𝝐𝝐𝟏𝟏𝟏𝟏 =

6.002
12

IE2p = –𝝐𝝐𝟐𝟐𝟐𝟐 =

3.002
22

IE2s = –𝝐𝝐𝟐𝟐𝟐𝟐 =

4.002
22

= 36 Ry

+1 pt for right answer

= 4 Ry

+1 pt for right answer

= 2.25 Ry

+1 pt for right answer

(b) [3 pts] Calculate the expected kinetic energies in the unit of Ry when the atom is irradiated by Xray with 100 Ry. Assume that the second ionization energies are much larger than the radiation energy.
(Answer)
IE = 𝐸𝐸𝑝𝑝ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 − 𝐾𝐾𝐾𝐾𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

𝐾𝐾𝐾𝐾𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝐸𝐸𝑝𝑝ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 − 𝐼𝐼𝐼𝐼

KE1s = 100 Ry – 36 Ry = 64 Ry

+1 pt for right answer

KE2s = 100 Ry – 4 Ry = 96 Ry

+1 pt for right answer

KE3s = 100 Ry – 2.25 Ry = 97.75 Ry

+1 pt for right answer

(c) [4 pts] Given that the electronic states are frozen upon the ionization, calculate the first electronic
excitation energy of N+ in the unit of Ry.
(Answer)
First electronic excitation energy = The smallest energy required to excite an electron.
N+ = [He]2s22p2, 2 possible excitation available. 1) [He]2s22p2->[He]2s12p3, 2) [He]2s22p2->1s12s22p3
Since 1) has lower excitation energy,
E2s->2p = 𝝐𝝐𝟐𝟐𝒑𝒑 − 𝝐𝝐𝟐𝟐𝟐𝟐 = - 2.25 Ry – (- 4 Ry) = 1.75 Ry

+4 pts for right answer

(d) [4 pts] If an external magnetic field B is applied to N, how many first ionization energies do you
expect? Justify your answer. Ignore the effect of electron spins.
(Answer)
Orbital energy only depends on principle quantum number n. However, magnetic quantum number m
7

affects energy when there is an external magnetic field. +1 point for explanation (if answer is wrong)
1s = (n, l, m) = (1, 0, 0)
2s = (n, l, m) = (2, 0, 0)
2p = (n, l, m) = (2, 1, -1), (2, 1, 0), (2, 1, 1) -> 3 different energies when external magnetic field exists.
Therefore, 5 first ionization energies are possible. +4 points for right answer
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2017 FALL Semester Final Examination
For General Chemistry I
Date: December 13 (Wed),

Time Limit: 19:00 ~ 21:00

Write down your information neatly in the space provided below; print your Student ID in the upper
right corner of every page.
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2
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4
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9

/10

5

/10
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** This paper consists of 12 sheets with 10 problems (page 10 - 11: constants & periodic table, page 12: claim
form). Please check all page numbers before taking the exam. Write down your work and answers in the Answer
sheet.
Please write down the unit of your answer when applicable. You will get 30% deduction for a missing unit.
NOTICE: SCHEDULES on RETURN and CLAIM of the MARKED EXAM PAPER.
(채점답안지 분배 및 이의신청 일정)
1. Period, Location, and Procedure
1) Return and Claim Period: December 15 (Fri, 12: 00 ~ 14:00 p.m.)
2) Location: Room 201, E11(Creative Learning bldg.)
3)

Procedure:
Rule 1: Students cannot bring their own writing tools into the room. (Use a pen only provided by TA)
Rule 2: With or without claim, you must submit the paper back to TA. (Do not go out of the room with it)

If you have any claims on it, you can submit the claim paper with your opinion. After writing your opinions on the
claim form, attach it to your mid-term paper with a stapler. Give them to TA.
(The claim is permitted only on the period. Keep that in mind! A solution file with answers for the examination will
be uploaded on the web.)
2. Final Confirmation
1) Period: Dec 16 (Sat) – Dec 17 (Sun)
2) Procedure: During this period, you can check final score of the examination on the website again.
** For further information, please visit General Chemistry website at www.gencheminkaist.pe.kr.
1

1. (total 10 pts: each 2 pts for a right answer, -1 pt for a wrong answer, 0 pt for no answer)
Read the following statements and verify whether these are “TRUE (T)” or “FALSE (F)”.

(a) The LCAO method includes an ionic contribution to the bond, while the VB method does not.
(Answer)

(b) In real gases, repulsive interaction reduces pressure with respect to the ideal case, while attractive
interaction increases volume
(Answer)

(c) In ideal gas behavior, each translation degree of freedom contributes RT/2, each vibrational degree
of freedom contributes RT/2, and each rotational degree of freedom contributes RT to the internal
energy.
(Answer)
(d) At constant T and P, the process will be reversible when ΔGsys = 0 but ΔSsys > 0.
(Answer)

(e) In the phase diagram, both the negative and positive slope for solid/liquid line is possible.
(Answer)

2. (total 10 pts, each 2.5 pts) Draw a Lewis electron dot diagram for each of the following molecules
and ions. Formulate the hybridization for the central atom in each case and give the molecular
geometry.
(a) BF3
(Answer)

(b) CS2
(Answer)

2

(c) PH3
(Answer)

(d) CH3+
(Answer)

3. (total 10 pts) Carbon dioxide is liberated by the reaction of aqueous hydrochloric acid with calcium
carbonate:
CaCO3(s) + 2 H+(aq) -> Ca2+ (aq) + CO2(g) + H2O(ℓ)
A volume of 722 mL CO2(g) is collected over water at 20 ℃ and a total pressure of 0.9963 atm. At
this temperature, water has a vapor pressure of 0.0231 atm. Calculate the mass of calcium carbonate
that has reacted, assuming no losses of carbon dioxide.
(Answer)

3

4. (total 10 pts) The normal boiling point of liquid ammonia is 240 K; the enthalpy of vaporization at
that temperature is 23.4 kJ mol-1. The heat capacity of gaseous ammonia at constant pressure is 38
J mol-1 K-1.
(a) [4 pts] Calculate q, w, ∆H, and ΔU for the following change in state:

2.00 mol 𝑁𝑁𝑁𝑁3 (𝑙𝑙, 1 𝑎𝑎𝑎𝑎𝑎𝑎, 240 𝐾𝐾) �⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯� 2.00 𝑚𝑚𝑚𝑚𝑚𝑚 𝑁𝑁𝑁𝑁3 (𝑔𝑔, 1 𝑎𝑎𝑎𝑎𝑎𝑎, 298 𝐾𝐾)

Assume that the gas behaves ideally and that the volume occupied by the liquid is negligible.
(Answer)

(b) [6 pts] Calculate the entropy of vaporization of NH3 at 240 K
(Answer)

4

5. (total 10 pts) A certain amount of NOBr(g) is sealed in a flask, and the temperature is raised to
350K. The following equilibrium is established:
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑔𝑔)

�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�

𝑁𝑁𝑁𝑁(𝑔𝑔) +

1
𝐵𝐵𝐵𝐵2 (𝑔𝑔)
2

The total pressure in the flask when equilibrium is reached at this temperature of 0.675 atm, and the
vapor density is 2.219 g L-1. Molecular weight of NOBr is 109.91 g mol-1.

(a) [6 pts] Calculate the partial pressure of each species at equilibrium.
(Answer)

(b) [4 pts] Calculate the equilibrium constant at this temperature.
(Answer)

6. (total 10 pts) Consider BO (boron-oxygen) and the effect of adding an electron, BO + e− → BO− .
(a) [5 pts] Write the molecular electronic configurations for BO and BO− .
(Answer)

(b) [5 pts] Assess the effect of adding an electron on the bond length and strength of the molecule BO
and explain why.
(Answer)

5

7. (total 10 pts) The partial pressure of oxygen in a mixture of oxygen and hydrogen is 0.200 atm,
and that of hydrogen is 0.800 atm. (R = 0.08206 L atm mol-1 K-1, Molecular mass H2O = 18.02 g mol1

)

(a) [3 pts] How many molecules of oxygen are in a 1.500-L container of this mixture at 40°C? (The
unit uses the mole)
(Answer)

(b) [3 pts] How many molecules of hydrogen are in a 1.500-L container of this mixture at 40°C? (The
unit uses the mole)
(Answer)

(c) [4 pts] If a spark is introduced into the container, how many grams of water will be produced?
2 H2 (g)+O2 (g) → 2 H2O(ℓ)
(Answer)

6

8. (total 10 pts) The combustion of nitromethane is used as a fuel, and the reaction is as follow:
𝐶𝐶𝐶𝐶3 𝑁𝑁𝑁𝑁2 (𝑙𝑙) + 𝑂𝑂2 (𝑔𝑔) → 𝐶𝐶𝐶𝐶2 (𝑔𝑔) + 𝑁𝑁2 (𝑔𝑔) + 𝐻𝐻2 𝑂𝑂 (𝑔𝑔) … … … … … (𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢)
(a) [6 pts] Calculate the standard enthalpy change (∆H°) for nitromethane using the following data
°
table. The ∆𝐻𝐻𝑟𝑟𝑟𝑟𝑟𝑟
for the balanced reaction is -1288.5 kJ.

Substance

𝐶𝐶𝐶𝐶2 (𝑔𝑔)

𝐻𝐻2 𝑂𝑂 (𝑔𝑔)

∆𝑯𝑯°𝒇𝒇 (25°C)
kJ/mol

𝑺𝑺° (25°C)
J/K·mol

∆𝑮𝑮°𝒇𝒇 (25°C)
kJ/mol

𝐂𝐂𝒑𝒑 (25°C)

-393.51

213.63

-394.36

37.11

-241.82

188.72

-228.59

35.58

J/K·mol

(Answer)

(b) [4 pts] A 25.0L flask filled with nitromethane and O2, is heated to 100℃. After the reaction is
complete, the total pressure of all the gas inside the flask is 125 atm at the temperature. If the mole
fraction of nitrogen (xnitrogen) is 0.2 after the reaction is complete, what mass of nitrogen was produced?
(Answer)

7

9. (total 10 pts) Consider the free expansion of 1 mol nitrogen gas(T = Ti) from 8.2 L to 16.4 L in an
isolated container system. Assume that N2 gas behaves like an ideal gas.

(a) [3 pts] Calculate Ti, Tf, Pf.
(Answer)

(b) [4 pts] Calculate the q, w, ∆H, and ΔU for this process.
(Answer)

(c) [3 pts] Distinguish and explain why whether this process is reversible or irreversible, and
𝑉𝑉

spontaneous or nonspontaneous. (Hint: ΔS = nR ln 𝑉𝑉𝑓𝑓 in free expansion)
(Answer)

𝑖𝑖

8

10. (total 10 pts) Consider the following chemical reactions and their equilibrium constants.
Eq 1. A(g)
Eq 2. B(g)
Eq 3. A(g)

�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�

B(g) + C(g):

K1 = 1/4

D(g) + C(g):

K2 = 3

�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�

D(g) + 2C(g):

�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�

K3 = ?

At the first equilibrium, suppose that the concentrations of the species A and B are [A] = 4 and [B] =
1.

(a) [3 pts] Calculate the concentrations of the other species at the equilibrium and K3.
(Answer)

(b) [4 pts] The concentration of the species B has been increased abruptly up to [B] = 2 under the
constant volume and temperature. Guess whether the concentration of C is going to increase at the
new equilibrium or not? Justify your answer.
(Answer)

(c) [3 pts] Propose a way to quantitatively determine the concentration of C at the new equilibrium.
(Answer)

9
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2017 FALL Semester Final Examination
Answers

1. (total 10 pts: each 2 pts for a right answer, -1 pt for a wrong answer, 0 pt for no answer)
Read the following statements and verify whether these are “TRUE (T)” or “FALSE (F)”.

(a) The LCAO method includes an ionic contribution to the bond, while the VB method does not.
(Answer)
T
(b) In real gases, repulsive interaction reduces pressure with respect to the ideal case, while attractive
interaction increases volume
(Answer)
F
(c) In ideal gas behavior, each translation degree of freedom contributes RT/2, each vibrational degree
of freedom contributes RT/2, and each rotational degree of freedom contributes RT to the internal
energy.
(Answer)
F
(d) At constant T and P, the process will be reversible when ΔGsys = 0 but ΔSsys > 0.
(Answer)
T
(e) In the phase diagram, both the negative and positive slope for solid/liquid line is possible.
(Answer)
T

2. (total 10 pts, each 2.5 pts) (Chapter 6-52) Draw a Lewis electron dot diagram for each of the
following molecules and ions. Formulate the hybridization for the central atom in each case and give
the molecular geometry. (structure 0.5 pt / Geometry 1 pt / Hybridization 1pt)
(a) BF3

F

B
F

F

Lewis structure

SN of B : 3
Formulate the hybridization of B : sp2 hybridized
Molecular geometry : trigonal-planar
1

(b) CS2

S C S

SN of C : 2
Formulate the hybridization of B : sp hybridized

Lewis structure

Molecular geometry : Linear

(c) PH3

H

P
H

H

SN of P : 4
Formulate the hybridization of B : sp3 hybridized
Molecular geometry : pyramidal(Tetrahedral,

Lewis structure

정사면체라고 작성한 경우 0.5 pt)
CH3+

(d)

H

C
H

H

SN of C : 3
Formulate the hybridization of B : sp2 hybridized

Lewis structure

Molecular geometry : trigonal-planar

3. (total 10 pts) (Chapter 10-37) Carbon dioxide is liberated by the reaction of aqueous hydrochloric
acid with calcium carbonate:
CaCO3(s) + 2 H+(aq) -> Ca2+ (aq) + CO2(g) + H2O(ℓ)
A volume of 722 mL CO2(g) is collected over water at 20 ℃ and a total pressure of 0.9963 atm. At
this temperature, water has a vapor pressure of 0.0231 atm. Calculate the mass of calcium carbonate
that has reacted, assuming no losses of carbon dioxide.
(Answer)
𝑷𝑷𝑪𝑪𝑪𝑪𝟐𝟐 = Ptotal – Pwater = 0.9963 atm – 0.0231 atm = 0.9732 atm (5 pts)

𝒏𝒏𝑪𝑪𝑪𝑪𝟐𝟐 =

𝑷𝑷𝑪𝑪𝑪𝑪𝟐𝟐 𝑽𝑽𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎
𝑹𝑹𝑹𝑹

=

(𝟎𝟎.𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗 𝒂𝒂𝒂𝒂𝒂𝒂)(𝟎𝟎.𝟕𝟕𝟕𝟕𝟕𝟕 𝑳𝑳)
(𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 𝑳𝑳 𝒂𝒂𝒂𝒂𝒂𝒂 𝒎𝒎𝒎𝒎𝒎𝒎−𝟏𝟏 𝑲𝑲−𝟏𝟏 )(𝟐𝟐𝟐𝟐𝟐𝟐.𝟏𝟏𝟏𝟏𝟏𝟏)

= 0.0292 mol CO2

2

𝟏𝟏 𝒎𝒎𝒎𝒎𝒎𝒎 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝟑𝟑
𝟏𝟏𝟏𝟏𝟏𝟏.𝟎𝟎𝟎𝟎 𝒈𝒈 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪
� � 𝟏𝟏 𝒎𝒎𝒎𝒎𝒎𝒎 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝟑𝟑�
𝟏𝟏 𝒎𝒎𝒎𝒎𝒎𝒎 𝑪𝑪𝑪𝑪𝟐𝟐
𝟑𝟑

𝒎𝒎𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝟑𝟑 = 𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 𝒎𝒎𝒎𝒎𝒎𝒎 𝑪𝑪𝑪𝑪𝟐𝟐 𝑿𝑿 �

= 2.92 CaCO3 (5 pts)

(𝒏𝒏𝑪𝑪𝑪𝑪𝟐𝟐 → 𝒎𝒎𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝟑𝟑 ) calculation mistake -1 pt.

4. (total 10 pts) (Chapter 13-65) The normal boiling point of liquid ammonia is 240 K; the enthalpy
of vaporization at that temperature is 23.4 kJ mol-1. The heat capacity of gaseous ammonia at
constant pressure is 38 J mol-1 K-1.
(a) [4 pts] Calculate q, w, ∆H, and ΔU for the following change in state:

2.00 mol 𝑁𝑁𝑁𝑁3 (𝑙𝑙, 1 𝑎𝑎𝑎𝑎𝑎𝑎, 240 𝐾𝐾) �⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯� 2.00 𝑚𝑚𝑚𝑚𝑚𝑚 𝑁𝑁𝑁𝑁3 (𝑔𝑔, 1 𝑎𝑎𝑎𝑎𝑎𝑎, 298 𝐾𝐾)

Assume that the gas behaves ideally and that the volume occupied by the liquid is negligible.
(Answer)
q

w

𝟓𝟓𝟓𝟓. 𝟐𝟐 × 𝟏𝟏𝟏𝟏𝟑𝟑 𝑱𝑱

−𝟒𝟒. 𝟗𝟗𝟗𝟗 × 𝟏𝟏𝟏𝟏𝟑𝟑 𝑱𝑱

∆𝐇𝐇

𝟓𝟓𝟓𝟓. 𝟐𝟐 × 𝟏𝟏𝟏𝟏𝟑𝟑 𝑱𝑱

∆𝐔𝐔

𝟒𝟒𝟒𝟒. 𝟐𝟐 𝑱𝑱

Each 1pts

The ΔH for the change equals the sum of the ΔH’s of two steps: vaporization of NH3 at 240K and
heating of the vapor from 240 K to 298K. It is
∆𝐇𝐇 = ∆𝐻𝐻1 + ∆𝐻𝐻2 = 𝑛𝑛∆𝐻𝐻𝑣𝑣𝑣𝑣𝑣𝑣 + 𝑛𝑛𝐶𝐶𝑝𝑝 ∆T

= 2.00 mol (23.4 × 103 𝐽𝐽 𝑚𝑚𝑚𝑚𝑚𝑚 −1 ) + 2.00 𝑚𝑚𝑚𝑚𝑚𝑚 �

= 𝟓𝟓𝟓𝟓. 𝟐𝟐 × 𝟏𝟏𝟏𝟏𝟑𝟑 𝑱𝑱

38 𝐽𝐽
� (298 − 240)𝐾𝐾
𝐾𝐾 𝑚𝑚𝑚𝑚𝑚𝑚

The q for the two-stage change depends on the path and both changes occur at constant pressure.
Therefore q equals the preceding ∆H, that is, 𝐪𝐪 = 𝟓𝟓𝟓𝟓. 𝟐𝟐 × 𝟏𝟏𝟏𝟏𝟑𝟑 𝑱𝑱.

The change absorbs some pressure-volume work. To this compute this work,
w = −P∆V = −P(𝑉𝑉2 − 𝑉𝑉1 ) = −𝑃𝑃(𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔 − 𝑉𝑉𝑙𝑙𝑙𝑙𝑙𝑙 )

The Vliq in this equation is the volume of 2.00 mol of liquid ammonia at the starting temperature.
According to the problem, this volume can be neglected in comparison to Vgas, the volume of the gas
at the final temperature. Therefore
w = −P𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔 = −𝑃𝑃

𝑛𝑛𝑛𝑛𝑛𝑛
= −(2.00 𝑚𝑚𝑚𝑚𝑚𝑚)(8.3145 𝐽𝐽 𝐾𝐾 −1 𝑚𝑚𝑚𝑚𝑚𝑚 −1 )(298 𝐾𝐾) = −𝟒𝟒. 𝟗𝟗𝟗𝟗 × 𝟏𝟏𝟏𝟏𝟑𝟑 𝑱𝑱
𝑃𝑃

By the first law of thermodynamics

∆U = q + w = (51.2 × 103 𝐽𝐽) + (−4.96 × 103 𝐽𝐽) = 𝟒𝟒𝟒𝟒. 𝟐𝟐 𝑱𝑱

3

(b) [6 pts] Calculate the entropy of vaporization of NH3 at 240 K
(Answer)
∆S =

∆𝐻𝐻𝑣𝑣𝑣𝑣𝑣𝑣 23.4 × 103 𝐽𝐽 𝑚𝑚𝑚𝑚𝑚𝑚 −1
=
= 𝟗𝟗𝟗𝟗. 𝟓𝟓 𝑱𝑱 𝑲𝑲−𝟏𝟏 𝒎𝒎𝒎𝒎𝒎𝒎−𝟏𝟏
𝑇𝑇
240 𝐾𝐾

This is also the standard molar entropy of the transition at 240 K.
No partial point (unit calculation error, -1 point)

5. (total 10 pts) (Chapter 14-26) A certain amount of NOBr(g) is sealed in a flask, and the temperature
is raised to 350K. The following equilibrium is established:
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑔𝑔)

�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�

𝑁𝑁𝑁𝑁(𝑔𝑔) +

1
𝐵𝐵𝐵𝐵2 (𝑔𝑔)
2

The total pressure in the flask when equilibrium is reached at this temperature of 0.675 atm, and the
vapor density is 2.219 g L-1. Molecular weight of NOBr is 109.91 g mol-1.
(a) [6 pts] Calculate the partial pressure of each species at equilibrium.
(Answer)
𝑷𝑷𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵

𝑷𝑷𝑵𝑵𝑵𝑵

𝑷𝑷𝑩𝑩𝑩𝑩𝟐𝟐

0.389 atm

0.190 atm

0.0952 atm

Each 2pts, no partial point
The vapor density of the contents of the flask cannot change in this gas-phase reaction. Before any
of the NOBr (g) has a chance to react,
𝑛𝑛
1 𝑚𝑚𝑚𝑚𝑚𝑚
𝑃𝑃𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = � � 𝑅𝑅𝑅𝑅 = �2.219 𝑔𝑔 𝐿𝐿−1 ×
� (0.08206 𝐿𝐿 𝑎𝑎𝑎𝑎𝑎𝑎 𝑚𝑚𝑚𝑚𝑚𝑚 −1 𝐾𝐾 −1 )(350 𝐾𝐾) = 0.5698𝑎𝑎𝑎𝑎𝑎𝑎
𝑉𝑉
109.91 𝑔𝑔

Setting up a three-line table:

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑔𝑔)
Initial partial pressure (atm)

0.5798
−𝑥𝑥

Change in partial pressure (atm)
Equilibrium partial pressure (atm)

0.5789−𝑥𝑥

�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�

+

0.0
+𝑥𝑥
𝑥𝑥

𝑁𝑁𝑁𝑁(𝑔𝑔)

1
𝐵𝐵𝐵𝐵2 (𝑔𝑔)
2

0.0

1
+ 𝑥𝑥
2
1
𝑥𝑥
2

The final pressure in the flask, the sum of the three partial pressure, is 0.675 atm. It follows that
1
2

𝑃𝑃𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 + 𝑃𝑃𝑁𝑁𝑁𝑁 + 𝑃𝑃𝐵𝐵𝐵𝐵2 = (0.5698 − 𝑥𝑥) + 𝑥𝑥 + 𝑥𝑥 = 0.675

4

The value of 𝑥𝑥 is 0.1904 atm, so the three partial pressures are 0.389 atm, 0.190 atm, and 0.0952
atm at equilibrium.

(b) [4 pts] Calculate the equilibrium constant at this temperature.
(Answer)
Substituting the equilibrium partial pressures into the proper expression gives the numerical
equilibrium constant
1

2
𝑃𝑃𝐵𝐵𝐵𝐵
𝑃𝑃
2 𝑁𝑁𝑁𝑁

𝑃𝑃𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁

1

(0.0952)2 (0.190)
=
= 𝟎𝟎. 𝟏𝟏𝟏𝟏 = 𝐾𝐾350
0.390

No partial point (In case of calculation error, 50% deduction)

6. (total 10 pts) Consider BO (boron-oxygen) and the effect of adding an electron, BO + e− → BO− .
(a) [5 pts] Write the molecular electronic configurations for BO and BO− .
(Answer)

4

1

BO ∶ (σ2s )2 (σ∗2s )2 �π2p � �σ2p �
4

2

BO− ∶ (σ2s )2 (σ∗2s )2 �π2p � �σ2p �

(2.5 pts for each electronic configuration)
(b) [5 pts] Assess the effect of adding an electron on the bond length and strength of the molecule BO
and explain why.
(Answer)
Bond order of BO ∶ 1/2(7 − 2) = 5/2
Bond order of BO− ∶ 1/2(8 − 2) = 3

Bond order increased from 5/2 to 3, resulting in the shorter bond length and the stronger bond.
(2 pts for answers without any explanation)
(5 pts for answers with correct reasoning including the bond order calculation)

7. (total 10 pts) (Chapter 9-40) The partial pressure of oxygen in a mixture of oxygen and hydrogen
is 0.200 atm, and that of hydrogen is 0.800 atm.
(R = 0.08206 L atm mol-1 K-1, Molecular mass H2O = 18.02 g mol-1)
5

(a) [3 pts] How many molecules of oxygen are in a 1.500-L container of this mixture at 40°C? (The
unit uses the mole)
(Answer)
𝑛𝑛𝑂𝑂2 =

𝑃𝑃𝑂𝑂2 𝑉𝑉
𝑅𝑅𝑅𝑅

=

(0.200 𝑎𝑎𝑎𝑎𝑎𝑎)(1.500 𝐿𝐿)
(0.08206 𝐿𝐿 𝑎𝑎𝑎𝑎𝑎𝑎 𝑚𝑚𝑚𝑚𝑚𝑚 −1 𝐾𝐾−1 )(313.15𝐾𝐾)

= 1.167 ∗ 10−2 𝑚𝑚𝑚𝑚𝑚𝑚 (or 7.03 x 1021)

+3 pts for right answer(unit, power error -1 pt)

(b) [3 pts] How many molecules of hydrogen are in a 1.500-L container of this mixture at 40°C? (The
unit uses the mole)
(Answer)

𝑛𝑛𝐻𝐻2 =

𝑃𝑃𝐻𝐻2 𝑉𝑉
𝑅𝑅𝑅𝑅

=

(0.800 𝑎𝑎𝑎𝑎𝑎𝑎)(1.500 𝐿𝐿)
(0.08206 𝐿𝐿 𝑎𝑎𝑎𝑎𝑎𝑎 𝑚𝑚𝑚𝑚𝑚𝑚 −1 𝐾𝐾−1 )(313.15𝐾𝐾)

+3 pts for right answer(unit error -1 pt)

= 4.670 ∗ 10−2 𝑚𝑚𝑚𝑚𝑚𝑚 or (2.81 x 1021)

(c) [4 pts] If a spark is introduced into the container, how many grams of water will be produced?
2 H2 (g)+O2 (g) → 2 H2O(ℓ)
(Answer)
Oxygen is the limiting reactant
2 𝑚𝑚𝑚𝑚𝑚𝑚 𝐻𝐻2 𝑂𝑂
� (1.167 ∗ 10−2 𝑚𝑚𝑚𝑚𝑚𝑚 𝑂𝑂2 ) = 2.335 ∗ 10−2 𝑚𝑚𝑚𝑚𝑚𝑚 𝐻𝐻2 𝑂𝑂
𝑛𝑛𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = �
1 𝑚𝑚𝑚𝑚𝑚𝑚 𝑂𝑂2
𝑚𝑚𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = (2.335 ∗ 10−2 𝑚𝑚𝑚𝑚𝑚𝑚 𝐻𝐻2 𝑂𝑂)(18.02 𝑔𝑔 𝑚𝑚𝑚𝑚𝑚𝑚−1 ) = 0.421 𝑔𝑔 𝐻𝐻2 𝑂𝑂

+4 pts for right answer(unit error -1 pt)

8. (total 10 pts) The combustion of nitromethane is used as a fuel, and the reaction is as follow:
𝐶𝐶𝐶𝐶3 𝑁𝑁𝑁𝑁2 (𝑙𝑙) + 𝑂𝑂2 (𝑔𝑔) → 𝐶𝐶𝐶𝐶2 (𝑔𝑔) + 𝑁𝑁2 (𝑔𝑔) + 𝐻𝐻2 𝑂𝑂 (𝑔𝑔) … … … … … (𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢)

(a) [6 pts] Calculate the standard enthalpy change (∆H°) for nitromethane using the following data
°
table. The ∆𝐻𝐻𝑟𝑟𝑟𝑟𝑟𝑟
for the balanced reaction is -1288.5 kJ.

Substance

𝐶𝐶𝐶𝐶2 (𝑔𝑔)

𝐻𝐻2 𝑂𝑂 (𝑔𝑔)

∆𝑯𝑯°𝒇𝒇 (25°C)
kJ/mol

𝑺𝑺° (25°C)
J/K·mol

∆𝑮𝑮°𝒇𝒇 (25°C)
kJ/mol

𝐂𝐂𝒑𝒑 (25°C)

-393.51

213.63

-394.36

37.11

-241.82

188.72

-228.59

35.58

J/K·mol
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(Answer)
The balanced equation is
𝟒𝟒𝟒𝟒𝟒𝟒𝟑𝟑 𝑵𝑵𝑵𝑵𝟐𝟐 (𝒍𝒍) + 𝟑𝟑𝟑𝟑𝟐𝟐 (𝒈𝒈) → 𝟒𝟒𝟒𝟒𝟒𝟒𝟐𝟐 (𝒈𝒈) + 𝟐𝟐𝟐𝟐𝟐𝟐 (𝒈𝒈) + 𝟔𝟔𝟔𝟔𝟐𝟐 𝑶𝑶 (𝒈𝒈)............2pts

Because of the most stable form of chemical elements such as O2, N2, and graphite is assigned as
zero enthalpy, the standard enthalpy change of the total reaction is……….2pts
°
= −1288.5 𝑘𝑘𝑘𝑘 = �4𝑚𝑚𝑚𝑚𝑚𝑚 �−
∆𝐻𝐻𝑟𝑟𝑟𝑟𝑟𝑟

393.51𝑘𝑘𝑘𝑘
241.82𝑘𝑘𝑘𝑘
°
� + 6𝑚𝑚𝑚𝑚𝑚𝑚 �−
�� − �4𝑚𝑚𝑚𝑚𝑚𝑚�∆𝐻𝐻𝑓𝑓,𝐶𝐶𝐶𝐶
��
3 𝑁𝑁𝑁𝑁2
𝑚𝑚𝑚𝑚𝑚𝑚
𝑚𝑚𝑚𝑚𝑚𝑚

°
Solving, ∆𝐻𝐻𝑓𝑓,𝐶𝐶𝐶𝐶
= −434.12 𝑘𝑘𝑘𝑘/𝑚𝑚𝑚𝑚𝑚𝑚………2pts
3 𝑁𝑁𝑁𝑁2

Balanced equation 2pts
If you know that oxygen and nitrogen enthalpy is assigned as zero, 2pts
Right answer 2pts

(b) [4 pts] A 25.0L flask filled with nitromethane and O2, is heated to 100℃. After the reaction is
complete, the total pressure of all the gas inside the flask is 125 atm at the temperature. If the mole
fraction of nitrogen (xnitrogen) is 0.2 after the reaction is complete, what mass of nitrogen was produced?
(Answer)
𝑃𝑃𝑁𝑁2 = 𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 × 𝑥𝑥𝑁𝑁2 = 1.25𝑎𝑎𝑎𝑎𝑎𝑎 × 0.2 = 𝟐𝟐𝟐𝟐 𝒂𝒂𝒂𝒂𝒂𝒂 … … … 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐
𝑛𝑛𝑁𝑁2 =

25 𝑎𝑎𝑎𝑎𝑎𝑎 × 25.0 𝐿𝐿
= 20.4 𝑚𝑚𝑚𝑚𝑚𝑚 𝑁𝑁2
0.08206 𝐿𝐿 𝑎𝑎𝑎𝑎𝑎𝑎
× 373𝐾𝐾
𝐾𝐾 𝑚𝑚𝑚𝑚𝑚𝑚

20.4 𝑚𝑚𝑚𝑚𝑚𝑚 𝑁𝑁2 ×

28.02 𝑔𝑔 𝑁𝑁2
1 𝑚𝑚𝑚𝑚𝑚𝑚 𝑁𝑁2

= 𝟓𝟓𝟓𝟓𝟓𝟓 𝒈𝒈 𝑵𝑵𝟐𝟐 … … … 2pts

9. (total 10 pts) Consider the free expansion of 1 mol nitrogen gas(T = Ti) from 8.2 L to 16.4 L in an
isolated container system. Assume that N2 gas behaves like an ideal gas.

(a) [3 pts] Calculate Ti, Tf, Pf.
(Answer)
Ti = PiVi/nR = (1 atm)(8.2 L)/(1 mol)(0.082 atm L/mol K) = 100 K
Since this system is isolated, there is no heat transfer; q = 0
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Also, there is no work since there is no pressure(vacuum); w = 0
ΔU = q + w = 0 = ncvΔT
No temperature change, so Tf = Ti
No internal energy change, so PiVi = PfVf, Pf = Pi(Vi/Vf) = 1 atm (8.2 L/16.4 L) = 0.5 atm
each +1 point for Ti, Tf, and Pf
(b) [4 pts] Calculate the q, w, ∆H, and ΔU for this process.
(Answer)

q = 0, w = 0, ΔU = q + w = 0, ΔH = ΔU + Δ(PV) = 0
each +1 point for q, w, ΔU, and ΔH

(c) [3 pts] Distinguish and explain why whether this process is reversible or irreversible, and
𝑉𝑉

spontaneous or nonspontaneous. (Hint: ΔS = nR ln 𝑉𝑉𝑓𝑓 in free expansion)
(Answer)

ΔS = nR ln
+2 point

𝑉𝑉𝑓𝑓
𝑉𝑉𝑖𝑖

𝑖𝑖

= nR ln 2 = (1 mol)(8.314J/mol K)(0.6931) = 5.76 J/K > 0 -> Spontaneous, Irreversible

or ΔG = ΔH – TΔS = 0 – (100 K)(5.76 J/K) = -576 J ≠ 0 -> Spontaneous, Irreversible
+2 point
+1 for right explanation

10. (total 10 pts) Consider the following chemical reactions and their equilibrium constants.
Eq 1. A(g) → B(g) + C(g):

K1 = 1/4

Eq 2. B(g) → D(g) + C(g):

K2 = 3

Eq 3. A(g) → D(g) + 2C(g):

K3 = ?

At an equilibrium, suppose that the concentrations of the species A and B are [A] = 4 and [B] = 1.

(a) [3 pts] Calculate the concentrations of the other species at the equilibrium and K3.
(Answer)
From Eq 1, K1 = [B][C]/[A] = [C]/4 = 1/4.
Therefore, [C] = 1

------ (1)

+1 points
From Eq 2, K2 = [D][C]/[B] = [D] = 3

-------- (2)

[A] = 4, [B] = [C] = 1, [D] = 3
8

+1 points

Eq 3 can be obtained by adding Eq 1 and Eq 2. Thus,
K3 = K1*K2 = 3/4
+1 points

(b) [4 pts] The concentration of the species B has been increased abruptly up to [B] = 2 under the
constant volume and temperature. Guess whether the concentration of C is going to increase at the
new equilibrium or not? Justify your answer.
(Answer)

Due to the Le Châtelier’s principle, the reverse process of Eq 1 and the forward process of Eq 2 will
be spontaneous.
+2 point
The former consumes C, whereas the latter produces C. The equilibrium constant of the reverse
reaction of Eq 1 is larger than that of Eq 2. Hence, the former is favored, resulting in the reduction of
[C].
+2 points

(c) [3 pts] Propose a way to quantitatively determine the concentration of C at the new equilibrium.
(Answer)
Let the reduction of [C] by the former and the latter –x and +y, respectively. Then, the concentration
of each species at the new equilibrium will be as follows.
[A] = 4 + x, [B] = 2 - x – y, [C] = 1 – x + y, [D] = 3 + y.
+1 point
Since equilibrium constants do not change under the constant temperature, the three equations
should hold the following relations.
K1 = (2 – x – y)(1 – x + y) / (4 + x) = 1/4
K2 = (3 + y)(1 – x + y) / (2 – x - y) = 3
K3 = (3 + y)(1 – x + y)2 / (4 + x) = 3/4
+1 point
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To simplify the above equations, let x + y = 2a and x - y = 2b. As a result,
K1 = (2-2a)(1-2b)/(4+a+b) = 1/4
It gives
a = (4-16b)/(9-16b)

------- (1)

K2 = (3+a+b)(1-2b)/(2-2a) = 3
2b2 + 5b = 7a - 2ab – 3

-------- (2)

Using eqs (1) and (2), one can determine the values of a and b, subsequently x and y, leading to the
final concentration. For example, eq (1) can be substituted in eq (2). Or by rewriting eq (2) as
2bi+1+5b i+1 = 7a -2abi ------ (3)
Eqs (1) and (3) can be iteratively solved.
+1 points
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