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** This paper consists of 11 sheets with 10 problems. Please check all page numbers before taking the
exam. Write down your work and answers in the (Answer) space below each question. And take a
good use of the reference materials (page 10, 11), which include (a) Fundamental constants, (b)
Conversion factors, and (c) Periodic table with atomic weights.
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 26 (Mon), 9: 00 ~ 18:00 p.m.
2) Location: Lobby (1st floor), GoongNi lab Bldg.
3)

Procedure: During the period, you can take your mid-term paper scored. If you have any claims on it, you can

submit a claim paper with your opinion. After writing your opinions on any paper you can get easily, attach it with
a stapler to your mid-term paper scored (Please, write your name, professor, and class.). Put them into a paper box
in front of elevator.. The papers with the claims will be re-examined by TA.
The claim is permitted only on the period. Keep that in mind!
(A solution file with answers will be uploaded on 10/24 at the web.)
2. Final Confirmation
1) Period: October 29 (Thu)-30 (Fri)
2) Procedure: During this period, you can check final score of the examination on the website again.
** For further information, please visit a General Chemistry website at www.gencheminkaist.pe.kr.
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1. Suppose that a gas obeys the van der Waals equation of state with the repulsive effects much greater
than the attractive effects.
(a) (4 pt) Find an expression for the change in molar Gibbs energy when the pressure is changed from P i
to P f (P i < P f ) isothermally.
(Answer)
The van der Waals equation of state is

After neglecting attractive effects, it becomes

Solving for V m we get

Then,

(b) (2 pt) Is the change greater or smaller than for a perfect gas?
(Answer)

For p f > p i , the change is greater for this gas by the amount b(pf -p i ).

(c) (4 pt) Estimate the percentage difference between the van der Waals and perfect gas calculations for
carbon dioxide undergoing change from 1.0 atm to 10.0 atm at 298.15 K (van der Waals parameters of
6
-2
3
-1
5
-1
carbon dioxide: a = 3.610 atm dm mol , b = 0.0429 dm mol , 1.0 atm = 1.013 × 10 Pa, R = 8.3145 J K
-1
mol ).
(Answer)

The van der Waals gas value is then
The percentage difference is approximately

2

2. (5 pt) The hydrolysis of acetyl phosphate has ΔG = -42 kJ mol-1 under typical biological conditions. If
acetyl phosphates were to be synthesized by coupling to the hydrolysis of ATP (ΔG for the hydrolysis of
-1
ATP to ADP is -31 kJ mol ), what is the minimum number of ATP molecules that would need to be involved
for the formation of 1 mole of acetyl phosphate molecule?
(Answer)
For the synthesis, ΔG = 42 kJ mol ; hence at least 42 kJ would need to be provided by the ATP in order to
make ΔG overall negative.
-1
Amount of ATP = 42 kJ / 31 kJ mol = 1.35 mol
23
-1
23
1.35 mol × 6.02 × 10 mol = 8.1 × 10 molecules
-1

3. (10 pt) Calculate the concentration of aqueous ammonia necessary to initiate the precipitation of iron(II)
-14
-5
hydroxide from a 0.0030 M solution of FeCl 2 (K sp [Fe(OH) 2 ] = 1.6 × 10 , K b [NH 3 ] = 1.8 × 10 ).
(Answer)
Text problem 12.15

3

4. (5 pt each) One mole of an ideal gas is first heated at constant pressure from T to 3T and then it is
cooled back to T at constant volume.

(a) Determine an expression for ∆S for the overall process.
(Answer)

(a) ∆S = C p ln(3T/T) + C v ln(T/3T) = C p ln3 - C v ln3 = Rln3
where C P and C v are molar heat capacities.

(b) Show that the value of ∆S for the process in part (a) is the same as that for an isothermal expansion of
the gas at T from V to 3V, where V is the original volume.
(Answer)

(b) ∆S = Rln(3V/V) = Rln3

5. (10 pt) Suppose that nitrogen dioxide (NO 2 ) gas is allowed to dimerize into N 2 O 4 gas until the reaction
o
reaches equilibrium 1.00 atm at 25 C. What are the partial pressures of NO 2 and N 2 O 4 ? The equilibrium
5
o
constant K is 8.06 × 10 at -75 C and the standard enthalpy change for this reaction (∆Ho) is -57.2 kJ mol-1.
(Answer)

N2O 4

2NO 2

P NO2 = 1 – x and P N2O4 = x
2

K = x/(1 - x)
Using

0≤ x ≤1

ln

ln
K 2 = 6.96
2
x – 2.1435 x + 1.00 = 0, x = 0.686

P N2O4 = 0.686 atm, P NO2 = 0.314 atm

4

6. (10 pt) Calculate the concentrations of all the species present at equilibrium in a 0.10 M solution of oxalic
acid (C 2 H 2 O 4 ) (K a1 [C 2 H 2 O 4 ] = 6.5 × 10-2, K a2 [C 2 H 2 O 4 ] = 6.1 × 10-5).
(Answer)

Text problem 11.15

5

7. (1 pt each) Which one is stronger acid?
(a) HF and HCl
(Answer) HCl

(b) HClO 4 and HClO 3
(Answer) HClO 4
(c) CH 3 COOH and HCOOH
(Answer) HCOOH

(d) C 6 H 5 COOH and C 6 H 5 OH
(Answer) C 6 H 5 COOH
(e) HClO 3 and HBrO 3
(Answer) HClO 3

6

8. (10 pt) What is the pH of a buffer system containing 1.0 M acetic acid and 1.0 M sodium acetate after the
addition of 0.10 mole of gaseous HCl to 1.0 L of the solution (K a [CH 3 COOH] = 1.8 × 10−5).
(Answer)
Text problem 12.3(b)

7

9. (10 pt) Compare the solubility of Zn(OH) 2 (g/L) in pure water with that in a buffer solution containing
-17
0.60 M Na 2 HPO 4 and 0.40 M NaH 2 PO 4 (MW[Zn(OH) 2 ] = 99.40, K sp [Zn(OH) 2 ] = 4.5 × 10 , K a1 [H 3 PO 4 ] =
−3
−8
−13
7.5 × 10 , K a2 [H 3 PO 4 ] = 6.2 × 10 , K a3 [H 3 PO 4 ] = 4.8 × 10 ).
(Answer)

2+
[Zn ] = s, [OH ] = 2s
3
-17
K sp = 4s = 4.5 x 10
-6
2+
s = 2.2 x 10 M = [Zn ]
-4
Solubility in pure water = 2.2 x 10 g/L

Using Henderson-Hasselbalch equation,
[conjugate base]
pH = pKa + log
[acid]
-8
pH = -log(6.2 x 10 ) + log (0.6M / 0.4 M) = 7.4
-7
pOH = 14.0 – 7.4 = 6.6, [OH ] = 2.51 x 10
2+
- 2
-17
-7 2
-4
[Zn ] = K sp /[OH ] = 4.5 x 10 / (2.51 x 10 ) = 7.14 x 10 M
Solubility in the buffer solution = 0.0709 g/L

8

10. (2 pt each) Determine whether the following statements are true or false.
(a) Diethyl ether is volatile.
(Answer) T

(b) The entropy of a pure substance in its thermodynamically most stable form is zero at the absolute zero
of temperature, independent of pressure.
(Answer) T

(c) Exothermic reactions are spontaneous.
(Answer) F

(d) CuS is more soluble in acid solution than in water.
(Answer) T
(e) When silver nitrate is slowly added to a solution that contains Cl and Br , AgCl precipitates first.

(Answer) F

(f) The pH value of neutral water increases, as temperature increases.
(Answer) F

(g) In the formation of complex ions, metals usually act as a Lewis base.
(Answer) F
(h) The pH value of an aqueous AlCl 3 solution is less than 7.
(Answer) T
(i) ΔG

o
rxn

determines the direction of reaction spontaneity.

(Answer) F,
(j) If A molecules attract B molecules more strongly than they do their own kind, the vapor pressure of the
solution will be less than the sum of the vapor pressures as predicted by Raoult’s law.
(Answer) T

9
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1. (2 pt each) The atomic number of Fe is 26. The Fe3+ cation can form a complex ion with six F- or CNanions. The resultant [FeF 6 ]3- and [Fe(CN) 6 ]3- are found to have different magnetic properties.
A. How many d-orbital electrons are there in Fe3+?
B. Draw the energy-level diagrams for the free Fe3+ ion, and the [FeF 6 ]3- and [Fe(CN) 6 ]3- complex ions, by
using the crystal field theory.
C. How many unpaired electrons does each of the three ions in B have?
D. Which is more paramagnetic between [FeF 6 ]3- and [Fe(CN) 6 ]3-?
E. Which complex ion is more stable?

1.

A. five
B. Figure 15.18 in the textbook.
C. 5 in free Fe3+, 5 in [FeF 6 ]3-, 1 in [Fe(CN) 6 ]3D. [FeF6 ]3E. [Fe(CN) 6 ]3-

2. (5 pt each) Menthol (C 10 H 19 O), shown below, is a crystalline organic compound having local anesthetic
and counterirritant properties.
A. How many chiral centers does menthol have? Indicate them on the structure.
B. Draw all the possible isomers.
HO

2.

A. 3
HO
*

*

*

B. 8 isomers are to be drawn.

3. (10 pt) Derive the rate law for the decomposition reaction of N 2 O 5 , 2N 2 O 5 (g) → 4NO 2 (g) + O 2 (g), on the
basis of the following reaction mechanism.
N2O 5
NO 2 + NO 3
NO 2 + NO 3
NO + N 2 O 5

→
→
→
→

NO 2
N2O 5
NO 2
3NO 2

+ NO 3
+ O2

+ NO

k1
k2
k3
k4

3. The intermediates are NO and NO 3 ; by using the steady-state approximation the net rates of change of their
concentrations are
d[NO]/dt = k 3 [NO 2 ][NO 3 ] - k 4 [NO][N 2 O 5 ] = 0
d[NO 3 ]/dt = k 1 [N 2 O 5 ] - k 2 [NO 2 ][NO 3 ] - k 3 [NO 2 ][NO 3 ] = 0
The net rate of change of concentration of N 2 O 5 is
d[N 2 O 5 ]/dt = -k 1 [N 2 O 5 ] + k 2 [NO 2 ][NO 3 ] - k 4 [NO][N 2 O 5 ]
and replacing the concentrations of the intermediates by using the equation above gives
d[N 2 O 5 ]/dt = -2 k 1 k 3 [N 2 O 5 ]/(k 2 + k 3 )
Therefore the rate law is
Rate = 2 k 1 k 3 [N 2 O 5 ]/(k 2 + k 3 )

4. (10 pt) The low-resolution proton (1H) NMR spectrum of ethyl acetate shows three broad peaks, but the
high-resolution one shows the splitting of the peaks. How many peaks do you expect to observe in the
high-resolution 1H NMR spectrum of ethyl acetate (6pts)? Explain why.(4 pts)

4. 8 (4+3+1)

5. (10 pt) An aqueous solution of potassium permanganate (KMnO 4 ) appears deep purple. In the aqueous
acidic solution, the permanganate ion can be reduced to the pale-pink manganese(II) ion (Mn2+). Under the
standard conditions, the reduction potential of the [MnO 4 –|Mn2+] half cell is Eo = 1.49 V. Suppose this halfcell is combined with a [Zn2+|Zn] half cell (Eo = - 0.76 V) in a galvanic cell, with [Zn2+] = [MnO 4 –] =
[Mn2+] = [H 3 O+] = 1 M.
A. (1 pt each) Write the equations for the reactions at the anode and the cathode.
B. (2 pt) Write a balanced equation for the overall cell reaction.
C. (2 pt) Calculate the standard cell potential difference, Eo.
D. (4 pt) Suppose the cell is operated at pH 2.00 with [MnO 4 –] = 0.12 M, [Mn2+] = 0.0010 M, and [Zn2+] =
0.0015 M. Calculate the cell voltage E at 25 oC.

D. At pH = 2, the concentration of hydronium ion is 0.010 M, and n = 10.
E = 2.25 - 0.0592/10 x log([Mn2+]2 [Zn2+]5 )/([MnO 4 -]2 [H 3 O+]16 )
= 2.25 – 0.0592/10 x log(5.3 x 1018) = 2.14 (V)

6. (5 pt each) Draw all the isomers of the following coordination compounds.
A. Pt(NH 3 ) 2 Cl 2
B. Co(en) 2 Cl 2

6. A. Two isomers: cis and trans isomers with the planar structure. See Figure 15.10.
B. Three isomers: two optical isomers in cis, and one isomer in trans. See Figure 15.12.

7. (2 pt each) Which reaction is used for the synthesis of the following polymers, addition or condensation
reactions?
A. PVC
B. Nylon-66
C. Proteins
D. Teflon
E. Polystyrene (PS)

7. A. addition; B. condensation; C. condensation; D. addition; E. addition

8. (2 pt each) Choose a capital letter for each statement.
A: amide
E: ether
a)
b)
c)
d)
e)

______
______
______
______
______

8. G, B, A, D, C

B: amine
F: carboxylic acid

C: alcohol
D: ester
G: none of the above

This functional group is present in the monomer of polyethylene.
This functional group contains no oxygen.
This functional group holds the monomers of silk and nylon.
The odor of fruits is mainly due to the molecules containing this functional group.
This functional group is needed to make polyester with a carboxylic acid.

9. (2 pt each) The following mechanism was proposed for the gas phase reaction of chloroform and chlorine.

step 1

Cl2(g)

k1

(fast)

2Cl(g)

k-1

step 2

Cl(g) + CHCl3(g)

step 3

Cl(g) + CCl3(g)

k2
k3

HCl(g) + CCl3(g)

(slow)

CCl4(g)

(fast)

A. What is the overall reaction?
B. What are the intermediates in the mechanism?
C. What is the molecularity of each of the elementary steps?
D. What is the rate determining step?
E. What is the rate law and overall order of the reaction predicted by this mechanism?

9.
A. Cl2(g) + CHCl3(g)

HCl(g) + CCl4(g)

B. Cl(g), CCl3 (g)
C. step 1: unimolecular,

step 2: bimolecular,

D. step 2
E. Rate = k2 [CHCl 3 ][Cl]
k 1 [Cl 2 ] = k -1 [Cl]2, [Cl] = {k 1 /k -1 [Cl2]}1/2
Rate = k2 (k 1 /k -1 )1/2 [CHCl 3 ][Cl 2 ]1/2
Overall order is 1.5

step 3:bimolecular

10. (10 pt) The elimination of carbon dioxide from the pyruvate ion (CH 3 COCO 2 -) by a decarboxylase enzyme
in the acidic medium was monitored by measuring the partial pressure of the gas, as it was formed in a 250
cm3 flask at 20 oC. In one experiment, the partial pressure increased from zero to 100 Pa in 522 seconds in
a first-order reaction when the initial concentration of pyruvate in 100 cm3 of solution was 3.23 mM. What
is the rate constant of the reaction? (R = 8.3145 J K-1 mol-1)

10. The reaction is
CH 3 COCO 2 -(aq) + H+(aq)  CH 3 CHO(aq) + CO 2 (g)
We can assume that the concentration of pyruvate (P) decreases in proportion to the increase in p CO2 . For the
CO 2 (g) formed, we may write
pV=nRT
-6
3
-1
-1
n CO2 = pV/RT = V p CO2 /RT = (250 × 10 m × 100 Pa)/(8.3145 JK mol × 293 K) = 0.0103 mmol = Δn P .
[P] = [P] 0 - Δn P/0.100 L = 3.23 mM – 0.103 mM = 3.13 mM
For a first-order reaction,
-kt
[P] = [P] 0 e
k = -ln([P]/[P] 0 )/t = ln(3.13 mM/3.23 mM)/522 s = 6.02 × 10-5 s-1.

