2020 Fall Semester Mid-term Examination
For General Chemistry I

Date: Oct 21 (Wed),



Time Limit: 19:00 ~ 22:00

NOTICE
If you have a printer, print the papers and write the answers in the space of each question. If not,
prepare several A4-size papers to write only question # and the answers on it in the following
example. And for clarity, marking your answer is recommended. Please, print your Student ID in
the upper right corner of every page for both of them. (Handwriting only is acceptable and typing
is not.)
Example:

Professor Name

Class

Student I.D. Number

Name

#1. (a)………
(b)……..


If you have any questions during the period, please contact the TA of your class using the Zoom
chat channel to “Everyone” (the only possible choice). Proctors will make any announcements
relevant to all students via audio.



While still in the video conference, submit your file to [Midterm Examination], an assignment on
Turnitin of your class. Do not leave the video conference until your TA is confirmed and tells you
that it is fine to leave.

** This paper consists of 11 sheets with 10 problems (page 10 - 11: Equation, constants & periodic table). Please check all
page numbers before taking the exam. Please write down the unit of your answer when applicable. You will get 30%
deduction for a value that is missing its unit.

NOTICE: SCHEDULES on RETURN and CLAIM of the MARKED EXAM PAPER.
(채점 답안지 분배 및 이의신청 일정)
1. Period, Location, and Procedure
1) Return and Claim Period: Oct 26 (Mon 12:00~24:00)
2) Location: Each class of Turnitin site (online)
3) Procedure: If you have any claims on it, email them (Question# and reasons) to your TA.
(The claim is permitted only during the designated claim 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 29-30 (Thu – Fri)
2) Procedure: During this period, you can check final score of the examination on the website again.
(No additional corrections. If no change in your score after reasoning, the claims were not accepted.)
** For further information, please visit General Chemistry website at www.gencheminkaist.pe.kr
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1. (total 10 pts)
For phosphorus pentafluoride, PF5, answer the following questions.
(a) Draw and name the shape of the molecule. (4 pts)

(Answer)
Steric number = 5

Molecular structure
+2 pts
(If three-dimensional indication is missing, only +1 pt available)
Name of the structure: Trigonal bipyramid
+2 pts

(b) Do the equatorial P-F and axial P-F have the same length or different lengths? Explain the reason.
(6 pts)

(Answer)
They have different bond lengths.
(Axial bond length (1.577 Å) > Equatorial bond length (1.534 Å))
Axial Fs experience three 90° repulsions, while equatorial Fs have two 90° repulsions.
Hence the axial Fs feel higher repulsion and the bond lengths become longer.

+2 pts
+2 pts
+2 pts
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2. (total 10 pts, each 2 pts)
Draw Lewis diagrams and write down the predicted geometries of the following molecules, and write
whether they are polar or nonpolar.

(a) ONCl

,bent, polar
(b) O2NCl

Trigonal Planar, Polar (You should express the formal charge)
(c) XeF2

Linear, Non-polar
(d) CHF3

Tetrahedral, Polar
(e) SCl4

Seesaw, polar
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3. (total 10 pts, each 2.5 pts)
For the given atomic orbital, answer the following questions below

𝑅𝑅𝑛𝑛𝑛𝑛

𝑍𝑍 3/2
𝜎𝜎
=
� � (6𝜎𝜎 − 𝜎𝜎 2 ) exp �− � ,
3
81√6 𝑎𝑎0
4

𝑌𝑌lm

3 1/2
= � � sin𝜃𝜃 sin𝜙𝜙
4𝜋𝜋

(a) From the radial part of the wavefunction, what is the number of radial nodes? Express the number
of radial nodes with n and l.
(b) From the angular part of the wavefunction, what is the angular nodal plane?
(c) From 1 and 2, find the principle quantum number n and the angular momentum quantum number
l.
(d) Using the process of 1–3), find the n and l for the below orbital, and give the name of this orbital.
𝑅𝑅𝑛𝑛𝑛𝑛

𝑍𝑍 3/2 2
𝜎𝜎
=
� � 𝜎𝜎 exp �− � ,
3
81√30 𝑎𝑎0
4

𝑌𝑌lm

15 1/2
= � � sin 𝜃𝜃 cos 𝜃𝜃 sin 𝜙𝜙
4𝜋𝜋

Answer
(a)
𝑅𝑅3𝑝𝑝

𝑍𝑍 3/2
=
� � (6𝜎𝜎 − 𝜎𝜎 2 ) exp(−𝜎𝜎/3)
81√6 𝑎𝑎0
4

The wavefunction becomes 0 when σ is 0 or 6. So, the number of radial nodes is 1.
1 = n − 𝑙𝑙 − 1

(b) There exists a radial node where ϕ = π. This is the xz plane.

(c) Since there are l angular nodes for an orbital (n, l, m), 𝑙𝑙 = 1 in this case.
Using the equation in 1), 1 = 𝑛𝑛 − 1 − 1, so n = 3

(d) There is no radial node. So, 0 = 𝑛𝑛 − 𝑙𝑙 − 1

𝜋𝜋

From the angular wavefunction, there are two nodal planes when 𝜃𝜃 = 2 , 𝜙𝜙 = 𝜋𝜋.
So, l = 2, and n = 3. This is the 3d orbital.
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4. (total 10 pts)
Using the photoelectron spectrum below, answer the following questions.

(a) (2 pts) What is the electron configuration of the element shown above?

(Answer)
1s22s22p63s2

(b) (2 pts) What element is illustrated?

(Answer)
Mg (magnesium)

(c) (6 pts) What is the wavelength required, in m, to remove a valence electron from the element
shown above?

(Answer)
0.74𝑀𝑀𝑀𝑀 106 𝐽𝐽
𝑚𝑚𝑚𝑚𝑚𝑚
×
×
= 1.23 × 10−18 𝐽𝐽
23
𝑚𝑚𝑚𝑚𝑚𝑚
6.022 × 10
𝑀𝑀𝑀𝑀
𝐸𝐸 =

ℎ𝑐𝑐
= 1.23 × 10−18 𝐽𝐽 ⋯ 𝟐𝟐𝟐𝟐𝟐𝟐
𝜆𝜆

ℎ𝑐𝑐 (6.626 × 10−34 𝐽𝐽 ∙ 𝑠𝑠)(2.998 × 108 𝑚𝑚 ∙ 𝑠𝑠 −1 )
𝜆𝜆 =
=
= 1.62 × 10−7 𝑚𝑚
−18
𝐸𝐸
1.23 × 10 𝐽𝐽
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5. (total 10 pts)
(a) (5 pts) Write simple valence bond wave functions for the bonds in H2O.
(b) (5 pts) What geometry does the VB model predict for H2O? Justify your answer.

Answer
(a) The simple VB model predicts that O (valence electron configuration 2s 2 2𝑝𝑝𝑥𝑥1 2𝑝𝑝𝑦𝑦1 2𝑝𝑝𝑧𝑧2 ) forms

single bonds with each of the two H atoms. These atoms are designated H1 and H2 in the following
valence-bond wave functions, which come from overlap of the 2px and 2py orbitals on the O with the
respective 1s orbitals on the H’s
O − H1 ∶ 𝜓𝜓𝜎𝜎𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 �1,2; 𝑅𝑅OH1 � = 𝑐𝑐1 �1𝑠𝑠

O − H2 ∶ 𝜓𝜓𝜎𝜎𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 �1,2; 𝑅𝑅OH2 � = 𝑐𝑐1 �1𝑠𝑠

H1

H2

(1)2𝑝𝑝𝑥𝑥O (2)� + c2 [1𝑠𝑠 H1 (2)2𝑝𝑝𝑥𝑥O (1)]

(1)2𝑝𝑝𝑦𝑦O (2)� + c2 [1𝑠𝑠 H2 (2)2𝑝𝑝𝑦𝑦O (1)]

(b) The model predicts (incorrectly) that the H—O—H angle equals 90°.

6. (total 10 pts)
(a) (4 pts) Predict the ground electronic state of the He22+ ion.
(b) (3 pts) What is the bond order?
(c) (3 pts) Will it be stable in the ground state? Justify your answer.

Answer
(a) The ground state electron configuration of the He22+ ion is (σ1s )2 .
(b) bond order: one.
(c) This configuration is stable in its ground state, because its bond order is nonzero..
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7. (total 10 pts, each 2.5 pts)
The following figure shows the data obtained with photoelectron spectroscopy for Ne and Na with
X-rays with λ = 9.890 x 10–10 m. Assign the peaks a–d with the 1st, 2nd ionization energy of each

atom.

Photoelectron count rate

a

b

c

0

d

1253.6

Kinetic Energy
(eV)

a:
b:
c:
d:

Answer
a: 2nd ionization energy of Na.
b: 2nd ionization energy of Ne
c: 1st ionization energy of Ne
d: 1st ionization energy of Na
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8. (total 10 pts)
(a) Name the types of attractive forces that will contribute to the interactions among atoms, molecules,
or ions in the following substances. Indicate the one(s) you expect to predominate.
(i)

Ne

(ii)

ClF

(iii)

BaCl2

(each 2 pts)

(b) (4 pts) Predict whether an atom of argon will be most strongly attracted to another atom of argon,
an atom of neon, or an atom of krypton.

Answer
(a) (i) dispersion forces (ii) dipole-dipole forces (predominant) and dispersion forces (iii) ion-ion
forces (predominant) and dispersion forces
(b) An atom of argon should be most strongly attracted by an atom of krypton. The krypton atom
has more electrons and is more polarizable than one of argon and the strength of dispersion
forces depends on the polarizability of the interacting species.
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9. (total 10 pts)
A sample of an oxide of osmium (1.509g) is gaseous at 200.0℃ / 0.980 atm pressure, and occupies
235mL under these conditions. Assuming the ideal gas behavior, determine the molecular formula of
the oxide. [Molar masses (g mol-1): Os = 190.2; O = 16.00. R = 0.08206 L atm K-1 mol-1. Take 0℃ to
be 273K]. Please show your work (partial points).

Answer
Since the gas has ideal behavior,
PV = nRT, where n = m/Mr (Mr is molar mass)
n = (0.980 atm)(0.235 L)/(0.0802 L atm/K mol)(473 K) = 0.00590 mol ----- (3 pts)
Hence Mr = (1.509 g)/0.00590 mol) = 254 g mol-1

--------- (3 pts)

If the molecular formula of the oxide is OsOx, then the molar mass is
192.0 g mol-1 + x(16.00 g mol-1 ) = 254 g mol-1
x = 3.99 ~ 4
Molecular formula is OsO4 (4 points)
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10. (total 10 pts, each 2.5 pts)
The following formula is the van der Waals equation of gaseous state.
�𝑃𝑃 + 𝑎𝑎

𝑛𝑛2
� (𝑉𝑉 − 𝑛𝑛𝑛𝑛) = 𝑛𝑛𝑛𝑛𝑛𝑛
𝑉𝑉 2

(a) How is the compressibility factor z calculated in this condition?
(b) What is the dimension (unit) for a and b? (Use atm as a unit of pressure.)
(c) What is the meaning behind these constants?
(d) Compare the constants a and b of gaseous ammonia (NH3) and hydrogen (H2).

Answer
𝑃𝑃𝑃𝑃

𝑉𝑉

𝑎𝑎 𝑛𝑛

1

𝑎𝑎 𝑛𝑛

(a) 𝑧𝑧 = 𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑉𝑉−𝑛𝑛𝑛𝑛 − 𝑅𝑅𝑅𝑅 𝑉𝑉 = 1−𝑏𝑏𝑏𝑏/𝑉𝑉 − 𝑅𝑅𝑅𝑅 𝑉𝑉
(b) a ∶ atm L2 𝑚𝑚𝑚𝑚𝑙𝑙 −2
b ∶ L mol−1

(c) a stands for the attractive force, while b stands for repulsive forces ( the volume excluded by 1 mol
of molecules)
(d)

Comparing the gaseous ammonia (NH3) and hydrogen (H2), the a value for ammonia is more than
10 times larger than for hydrogen. However, the value for b for each is very similar.
(Full point for both of a and b, +1pt for only in number)
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Physical Constants
Avogadro’s number

NA = 6.02214179 ⅹ 1023 mol-1

Bohr radius

a0 = 0.52917720859 Å = 5.2917720859ⅹ10-11 m

Boltzmann’s constant

KB = 1.3806504 ⅹ 10-23 J K-1

Electronic charge

e = 1.602176487 ⅹ 10-19 C

Faraday constant

F = 96485.3399 C mol-1

Masses of fundamental particles:
Electron

me = 9.10938215 ⅹ 10-31 kg

Proton

mP = 1.672621637 ⅹ 10-27 kg

Neutron

mn= 1.674927211 ⅹ 10-27 kg

Permittivity of vacuum

εo = 8.854187817 ⅹ 10-12 C-2 J-1 m-1

Planck’s constant

h = 6.62606896 ⅹ 10-34 J s

Ratio of proton mass to electron mass

mP / me = 1836.15267247

Speed of light in a vacuum

c = 2.99792458 ⅹ 108 m s-1 (exactly)

Standard acceleration of terrestrial gravity

g = 9.80665 m s-2 (exactly)
R = 8.314472 J mol-1 K-1

Universal gas constant

= 0.0820574 L atm mol-1 K-1
Values are taken from the 2006 CODATA recommended values,
as listed by the National Institute of Standards and Technology.

Conversion factors
Ångström

1 Å= 10-10 m

Atomic mass unit

1 u = 1.660538782 ⅹ 10-27 kg
1 u = 1.492417830 ⅹ 10-10 J = 931.494028 MeV (energy equivalent form E = mc2)

Calorie

1 cal = 4.184 J (exactly)

Electron volt

1 eV = 1.602177 ⅹ 10-19 J = 96.485335 kJ mol-1

Foot

1 ft = 12 in = 0.3048 m (exactly)

Gallon (U. S.)

1 gallon = 4 quarts = 3.785412 L (exactly)

Liter

1 L = 10-3 m-3 = 103 cm3 (exactly)

Liter-atmosphere

1 L atm = 101.325 J (exactly)

Metric ton

1 t = 1000 kg (exactly)

Pound

1 lb = 16 oz = 0.4539237 kg (exactly)

Rydberg

1 Ry = 2.17987197 x 10-18J = 1312.7136 kJ mol-1 = 13.60569193 eV

Standard atmosphere

1 atm = 1.01325 x 105 Pa = 1.01325 x 105 kg m-1 s-2 (exactly)

Torr

1 torr = 133.3224 Pa
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2020 Fall Semester Final Examination
For General Chemistry I

Date: Dec 16 (Wed),



Time Limit: 19:00 ~ 22:00

NOTICE
If you have a printer, print the papers and write the answers in the space of each question. If not,
prepare several A4-size papers to write only question # and the answers on it in the following
example. And for clarity, marking your answer is recommended. Please, print your Student ID in
the upper right corner of every page for both of them. (Handwriting only is acceptable and typing
is not.)
Example:

Professor Name

Class

Student I.D. Number

Name

#1. (a)………
(b)……..




If you have any questions during the period, please contact the TA of your class using the Zoom
chat channel to “Everyone” (the only possible choice). Proctors will make any announcements
relevant to all students via audio.
While still in the video conference, submit your file to [Final Examination], an assignment on
Turnitin of your class. Do not leave the video conference until your TA is confirmed and tells you
that it is fine to leave.

** This paper consists of 14 sheets with 10 problems (page 13 - 14: Equation, constants & periodic table). Please check
all page numbers before taking the exam. Please write down the unit of your answer when applicable. You will get 30%
deduction for a value that is missing its unit.

NOTICE: SCHEDULES on RETURN and CLAIM of the MARKED EXAM PAPER.
(채점 답안지 분배 및 이의신청 일정)
1. Period, Location, and Procedure
1) Return and Claim Period: Dec 19 (Sat 12:00~24:00)
2) Location: Each class of Turnitin site (online)
3) Procedure: If you have any claims on it, email them (Question# and reasons) to your TA.
(The claim is permitted only during the designated claim 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 21 (Mon)
2) Procedure: During this period, you can check final score of the examination on the website again.
(No additional corrections. If no change in your score after reasoning, the claims were not accepted.)
** For further information, please visit General Chemistry website at www.gencheminkaist.pe.kr
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1. (total 12 pts)
The following is a redox reaction commonly used for titration.
2+
+
MnO−
4 (𝑎𝑞) + 𝒂 Fe (𝑎𝑞) + 𝒃 H (𝑎𝑞)
→ Mn2+ (𝑎𝑞) + 𝒄 Fe3+ (𝑎𝑞) + 𝒅 A (𝑙)
(a) (4 pts) Find the values for a, b, c, d, and the unknown chemical species A.
(b) (4 pts) 37.2 ml of 0.13 M KMnO4 solution was used to titrate a sample of Fe2+. The final volume
after titration is 52.3 ml. What was the initial concentration of Fe2+ in the original solution?
(c) (4 pts) Potassium manganate can also be used for the titration of calcium ion. Suppose a 50 ml of
0.1 M KMnO4 solution was used in the indirect titration of 5 ml of Ca2+ solution. What was the
initial concentration of Ca2+ in the original solution? Do not need to specify e, f, g, h.
Ca2+ (𝑎𝑞) + C2 O2−
4 (𝑎𝑞) → CaC2 O4 (𝑠)
+
CaC2 O4 (𝑠) + 2H (𝑎𝑞) → Ca2+ (𝑎𝑞) + H2 C2 O4 (𝑎𝑞)
+
2 MnO−
4 (𝑎𝑞) + 𝒆 H2 C2 O4 (𝑎𝑞) + 𝒇 H3 O (𝑎𝑞)
→ 2 Mn2+ (𝑎𝑞) + 𝒈 CO2 (𝑔) + 𝒉 H2 O(𝑙)

Answer
2+
+
MnO−
4 (𝑎𝑞) + 5Fe (𝑎𝑞) + 8H (𝑎𝑞)
(a)
→ Mn2+ (𝑎𝑞) + 5Fe3+ (𝑎𝑞) + 4H2 O(𝐼)
a = 5 / b = 8 / c = 5 / d = 4 / A = H2 O

- Total 4 pts, 1 point for each value

(b) MnO4– and Fe2+ reacts in a 1:5 ratio.

+1 point

Thus,
37.2 ml * 0.13 M * 5= (52.3 – 37.2) ml * [Fe2+]0
[Fe2+]0 = 1.6 M
(c)

- Full points for correct answer

+
2 MnO−
4 (𝑎𝑞) + 5 H2 C2 O4 (𝑎𝑞) + 6H3 O (𝑎𝑞)
→ 2 Mn2+ (𝑎𝑞) + 10 CO2 (𝑔) + 14H2 O(𝑙)

From the above equation, the molar reaction ratio between MnO4– and Ca2+ is 2:5. Thus, since 50
ml of 0.1M KMnO4 solution contains 5 mmol of MnO4–, [Ca2+] * 5 ml = 5 mmol * (5/2) = 12.5
mmol. So, the [Ca2+] = 2.5 M.
- Full points for correct answer
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2. (total 10 pts)
The vapor pressure of pure liquid CS2 is 0.3914 atm at 20°C. When 40.0g of rhombic sulfur is dissolved
in 1.00kg of CS2, the vapor pressure of CS2 decreases to 0.3868 atm. Determine the molecular formula
for the sulfur molecules dissolved in CS2 and rationalize your answer.

Answer
∆P = 0.3868 – 0.3914 = - 0.0046 atm.
Mole fraction of the sulfur present in the sulfur-CS2 system, Xsulfur = -

∆P
𝑃°𝐶𝑆2

= -(-0.0046atm)/(0.3914

atm) = 0.0117
+2 point
1.00kg of CS2 = 13.13 mol of CS2,
+2 point
Xsulfur = 0.0117 = nsulfur/ (nsulfur + nCS2) = nsulfur/ (nsulfur + 13.13 mol)
nsulfur = 0.155 mol.  40.0g of sulfur
+3 point
molar mass = 40.0g/0.155mol = 257gmol-1. Which is 8 times of 32gmol-1( the molar mass of S).
Molecular formula = S8
+3 point
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3. (total 8 pts, each 4 pts)
One mole of an ideal monatomic gas initially at 300K and a pressure of 15.0 atm expands to a final
pressure of 1.00 atm. The expansion can occur via any one of three different paths: a) isothermal and
reversible, b) isothermal and irreversible, c) adiabatic and reversible. In irreversible process, the
expansion occurs against an external pressure of 1.00 atm. For the below cases, calculate the values of
q, w, ∆U and ∆H.
(a) (1 pt for each quantity) isothermal and reversible

(b) (1 pt for each quantity) isothermal and irreversible.

Answer
(a) When an ideal gas undergoes an isothermal process, ∆U=0 and ∆H=0.
w = -nRTln (P1/P2) = - (1mol) (8.314 JK-1mol-1)(300K) ln (15.0 atm/1.00atm) = -6.75 x 103J.
q = ∆U – w = -w = 6.75 x 103J.
(b) for isothermal process, ∆U=0 and ∆H=0. W = -Pex(V2 – V1)
V1 and V2 determined using ideal gas law:
V1 = nRT/P1 = [(1 mol)(0.08206LatmK-1mol-1)(300K)]/15.0 atm = 1.641L
V2 = nRT/P2 = [(1 mol)(0.08206LatmK-1mol-1)(300K)]/1.0 atm = 24.62L
W = -(1.00atm) (24.62L – 1.641L) (101.3J/1L atm) = -2.33 x 103J
q = ∆U – w = -w =2.33 x 103J

4

4. (total 10 pts)
Air is contained in an insulated, rigid volume at 20℃ and 2 atm. A paddle wheel, inserted in the
volume, does 720 kJ of work on the air. If the volume is 2 m3, calculate the entropy increase
assuming a constant specific heat (0.717 J g-1 K-1) and ideal-gas behavior. Rationalize your answer.

(Answer)
Mass of air
𝑚=

𝑀𝑃𝑉
𝑅𝑇

(28.8 𝑔 𝑚𝑜𝑙−1 )(2 𝑎𝑡𝑚)(2000 𝐿)

= (0.082

𝐿 𝑎𝑡𝑚 𝑚𝑜𝑙 −1 𝐾−1 )(293 𝐾)

+3 point

= 4780 𝑔

Internal energy U = q + w = mcsT
720 kJ = (4780 g) (0.717 J g-1 K-1) ((T2 – 293) K)

T2 = 503 K

+3 point

Entropy change
𝑇

503 𝐾

∆𝑆 = 𝑚𝑐𝑠 𝑙𝑛 𝑇2 = (4780 𝑔)(0.717 𝐽 𝑔~1 𝐾 −1 )𝑙𝑛 293
1

𝐾

= 1850 𝐽 𝐾 −1

+4 point
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5. (total 10 pts)
Estimate the pH of a 0.0100 M solution of ammonium formate in water at 25 ℃. Formic acid, HCOOH,
is the simplest organic acid and has Ka = 10-3.7. For NH4+, Ka = 10-9.3. Rationalize your answer.
.
(Answer)
Three equilibria are possible here; the reaction of the ammonium ion and formic acid with water, and
the reaction of ammonium and formate ions.
NH4+ + H2O ⇄ NH3 + H3O+

(1)

HCOOH + H2O ⇄ HCOO- + H3O+

(2)

NH4+ + HCOO- ⇄ NH3 + HCOOH

(3)

K1 = Ka (NH4+) = 10-9.3
-

K2 = Ka (HCOOH) = 10-3.7
K3

Equation (3) = (1) - (2)
K3 = K1 / K2 = 10-9.3 + 3.7 = 10-5.6

+3 point

[NH4+] = [HCOO-] and [NH3] = [HCOOH]
[𝑁𝐻 ][𝐻𝐶𝑂𝑂𝐻]

𝐾3 = [𝑁𝐻3+][𝐻𝐶𝑂𝑂−] =

Then

4

∴

[𝐻𝐶𝑂𝑂𝐻]
[𝐻𝐶𝑂𝑂− ]

[𝐻𝐶𝑂𝑂𝐻]2
[𝐻𝐶𝑂𝑂 − ]2

= 10−5.6

= 10−2.8

+3 point

From equation (2)
∴

[𝐻𝐶𝑂𝑂− ][𝐻3 𝑂+ ]
= 10−3.7
[𝐻𝐶𝑂𝑂𝐻]
[𝐻𝐶𝑂𝑂𝐻]

∴ [𝐻3 𝑂+ ] = 10−3.7 × [𝐻𝐶𝑂𝑂−] = 10−3.7 × 10−2.8 = 10−6.5

+3 point

 pH = 6.5

+1 point

Another answer
8 lines are the same as previous answer
[𝑁𝐻 ][𝐻𝐶𝑂𝑂𝐻]

𝐾3 = [𝑁𝐻3+][𝐻𝐶𝑂𝑂−] =

Then

4

∴

[𝑁𝐻3 ]
[𝑁𝐻4 + ]

[𝑁𝐻3 ]2
2

[𝑁𝐻4+ ]

= 10−5.6

= 10−2.8

+3 point

NH3 + H2O ⇄ NH4+ + OH𝐾𝑏 =

[𝑁𝐻4 + ][𝑂𝐻 − ]
[𝑁𝐻3 ]

=

𝐾𝑤
𝐾𝑎

∴ [𝑂𝐻 − ] = 10−4.7 ×
𝐾

10−14

= 10−9.3 = 10−4.7

[𝑁𝐻3 ]
= 10−4.7 × 10−.2.8 = 10−.7.5
[𝑁𝐻4 + ]
10−14

∴ [𝐻3 𝑂+ ] = [𝑂𝐻𝑤−] = 10−7.5 = 10−6.5

+3 point
6

 pH = 6.5

+1 point
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6. (total 9 pts)
Identify the acid and base in each of these reactions (each 3pts):
(a) 2 CaO + SiO2 

Ca2SiO4

(b) Ca2SiO4 + SiO2  2 CaSiO3
(c) Ca2SiO4 + CaO  Ca3SiO5
Answer
For each question, no partial point
(a) CaO (Base), SiO2(Acid)
In the first reaction CaO donates O2– to SiO2 so CaO is the base, and SiO2 is the acid.
(b) Ca2SiO4 (Base), SiO2(Acid)
In the second reaction the SiO2 again accepts an O2– and is again the acid. It accepts the O2– from
(c) Ca2SiO4 (Acid), CaO(base)
In the third reaction, the CaO donates O2– to Ca2SiO4. The latter serves as an acid in this reaction,
the opposite of its role in the second reaction.
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7. (total 10 pts)
(a) (5 pts) Suppose 100.0 mL of a 0.0100 M CaCl2 solution and 200.0 mL of a 0.0200 M Na3PO4
solution were mixed. Ksp of Ca3(PO4)2 is 1.0 x 10-26. Would a precipitate occur? Write the chemical
equation and rationalize your answer.
(Answer)
The balanced chemical equation:
3 CaCl2 (aq) + 2 Na3PO4 (aq) ⇄ Ca3(PO4)2 (s) + 6 NaCl (aq)

+1 point

Net ionic form:
3 Ca2+ (aq) + 6 Cl- (aq) + 6 Na+ (aq) + 2 PO43- (aq) ⇄ Ca3(PO4)2 (s) + 6 Na+ (aq) + 6 Cl- (aq)
3 Ca2+ (aq) + 2 PO43- (aq) ⇄ Ca3(PO4)2 (s)
The concentration of the Ca2+ ions and the PO43- ions resulting from the mixing of the two solutions:
[𝐶𝑎2+ ] =

(0.100 𝐿)(0.010 𝑚𝑜𝑙 𝐿−1 )

[𝑃𝑂4 3+ ] =

0.300 𝐿

= 0.00333 𝑀

(0.200 𝐿)(0.020 𝑚𝑜𝑙 𝐿−1 )
0.300 𝐿

+1 point

= 0.0133 𝑀

The solubility product quotient:
Q = [Ca2+]3[PO43-]2 = [0.00333 M]3[0.0133 M]2 = 6.532 x 10-12 > Ksp = 1.0 x 10-26

+2 point

 A precipitate of Ca3(PO4)2 will form in this case.

+1 point

(b) (5 pts) What is the molar solubility of Ca3(PO4)2 in water?
(Answer)
Ca3(PO4)2 (s)

3 Ca2+ (aq) + 2 PO43- (aq)

Reaction

Ca3(PO4)2 (s)

Initial

3 Ca2+ (aq)

+

2 PO43- (aq)

0

0

Change

-y

3y

2y

Equilibrium

-y

3y

2y

Ksp = [Ca2+]3[PO43-]2 = 1.0 x 10-26 = (3y)3(2y)2

+2 point

108 y5 = 1.0 x 10-26
y5 = 1.0 x 10-26/ 108 = 9.3 x 10-29
y = 2.5 x 10-6
The molar solubility of Ca3(PO4)2 is 2.5 x 10-6 M.

- Full points for correct answer
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8. (total 9 pts, each 3 pts)
For each of the following ionic compounds, state whether the solubility will increase, decrease, or
remain unchanged as a solution at pH 7 is made acidic.
(a) SrCO3

(b) Hg2Br2

(c) MnS

Answer
(a) Solubility will increase as CO32− reacts with H3O+ to give HCO3− .
(b) Solubility will show little change because HBr is a strong acid.
(c) Solubility will increase as HS− (from the dissolution of the MnS) reacts with H3O+ to give H2S.
- Full points for correct answer
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9. (total 12 pts)
The following is a titration curve of acetic acid with sodium hydroxide. One of the curves is titration
of 0.1 M acid with 0.1 M base, and the other is for 0.001M acid with 0.001 M base. (pKa of acetic acid:
4.75 )

(a) (4 pts) Which concentration of acid/base does the curve A and curve B correspond to?
(b) (8 pts, each 2 pts) In the case of 0.1 M acetic with 0.1 M sodium hydroxide, calculate the pH at 45,
49, 50, 55 ml of NaOH.
Answer
The image was adopted from “Fundamentals of Analytical Chemistry, 9th edition” by Skoog et al
(a) A: 0.1 M of acid/base // B: 0.001M of acid/base (0 or 4 points)
(b) As the titration curve shows an equivalence point at 50 ml, the initial volume of 0.1 M acid is 50
ml.
At 45ml, pH = 5.70
pH = 4.75 − log10
At 49ml, pH = 6.44

5 – 4.5 𝑚𝑚𝑜𝑙
4.5 mmol

5 – 4.9 𝑚𝑚𝑜𝑙
4.9 mmol
At 50 ml, the pH is governed by the hydrolysis of the weak base AcO–. pH = 8.73
At 55ml, the pH is governed by the excess [OH–]. The additional hydroxy ion is 0.5 mmol, and the
pH = 4.75 − log10

total volume of the solution is 105 ml. So, pH = 14 – pOH = 11.68
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10. (total 10 pts, each 2.5 pts)
A galvanic cell consists of a cadmium cathode immersed in a CdSO4 solution and a zinc anode
immersed in a ZnSO4 solution. A salt bridge connects the two half-cells.
The balanced equation of the cell is
Zn(s) + Cd2+ (aq)  Zn2+ (aq) + Cd(s)
(a) A current of 1.45 A is observed to flow for a period of 2.60 hours. How much charge passes through
the circuit during this time? (2.5 pts)
(b) How many moles of electrons is this charge equivalent to? (2.5 pts)
(c) Calculate the change in mass of the zinc electrode. (2.5 pts)
(d) Calculate the change in mass of the cadmium electrode. (2.5 pts)
Answer
(a) The product of the (steady) current in amperes and the time in seconds is the charge in coulombs.
It is 1.36 × 104 C.
(b) Dividing by the Faraday constant gives the chemical amount of electrons, 0.141 mol.
(c) Every 1 mol of electrons that passes through the cell oxidizes 1/2 mol of zinc. Hence 0.0703 mol
of zinc is oxidized. This is 4.60 g of zinc and is the mass lost by the zinc electrode.
(d) Every 1 mol of electrons that passes through the cell reduces 1/2 mol of cadmium(II) ions. This is
0.0703 mol of Cd2+, or 7.91 g of Cd2+. This is the mass gained by the cadmium electrode.
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Physical Constants
Avogadro’s number

NA = 6.02214179 ⅹ 1023 mol-1

Bohr radius

a0 = 0.52917720859 Å = 5.2917720859ⅹ10-11 m

Boltzmann’s constant

KB = 1.3806504 ⅹ 10-23 J K-1

Electronic charge

e = 1.602176487 ⅹ 10-19 C

Faraday constant

F = 96485.3399 C mol-1

Masses of fundamental particles:
Electron

me = 9.10938215 ⅹ 10-31 kg

Proton

mP = 1.672621637 ⅹ 10-27 kg

Neutron

mn= 1.674927211 ⅹ 10-27 kg

Permittivity of vacuum

εo = 8.854187817 ⅹ 10-12 C-2 J-1 m-1

Planck’s constant

h = 6.62606896 ⅹ 10-34 J s

Ratio of proton mass to electron mass

mP / me = 1836.15267247

Speed of light in a vacuum

c = 2.99792458 ⅹ 108 m s-1 (exactly)

Standard acceleration of terrestrial gravity

g = 9.80665 m s-2 (exactly)
R = 8.314472 J mol-1 K-1

Universal gas constant

= 0.0820574 L atm mol-1 K-1
Values are taken from the 2006 CODATA recommended values,
as listed by the National Institute of Standards and Technology.

Conversion factors
Ångström

1 Å= 10-10 m

Atomic mass unit

1 u = 1.660538782 ⅹ 10-27 kg
1 u = 1.492417830 ⅹ 10-10 J = 931.494028 MeV (energy equivalent form E = mc2)

Calorie

1 cal = 4.184 J (exactly)

Electron volt

1 eV = 1.602177 ⅹ 10-19 J = 96.485335 kJ mol-1

Foot

1 ft = 12 in = 0.3048 m (exactly)

Gallon (U. S.)

1 gallon = 4 quarts = 3.785412 L (exactly)

Liter

1 L = 10-3 m-3 = 103 cm3 (exactly)

Liter-atmosphere

1 L atm = 101.325 J (exactly)

Metric ton

1 t = 1000 kg (exactly)

Pound

1 lb = 16 oz = 0.4539237 kg (exactly)

Rydberg

1 Ry = 2.17987197 x 10-18J = 1312.7136 kJ mol-1 = 13.60569193 eV

Standard atmosphere

1 atm = 1.01325 x 105 Pa = 1.01325 x 105 kg m-1 s-2 (exactly)

Torr

1 torr = 133.3224 Pa
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