
<The Answers> 

Problem points Problem points TOTAL pts 

1 2+3+3+4/12 6 2+2+3/7  

 

 

/100 

2 3+4+3+4/14 7 6+6/12 

3 3+3/6 8 2x7/14 

4 3+3+3/9 9 4+4/8 

5 4+4/8 10 3+3+4/10 
 

전체 기준: 전개과정은 맞으나 답이나 unit 이 틀리면 -1 

답은 맞으나 전개과정이 약간 틀렸을 때 -1 

식을 전혀 쓰지 않고 (혹은 흔적이 전혀 없고) 답만 맞았을 때 -1 (3 pts), -2 (4 pts 이상) 
1. (Total 12 pts)  

(a) (2 pts) 부호 틀리면 모두 감점 

HClO2(aq) + 2H3O+ + 2e- HClO(aq) + 3H2O
E° (volts)

1.64

Cr2O7
2-(aq) + 14H3O+ + 6e- 2Cr3

+ + 21H2O 1.33  
The first half reaction (the reduction) is occurring at the cathode and the second half reaction (the 

oxidation) is occurring at the anode.  

ε°cell =  ε°cathode - ε°anode = 1.64 V - 1.33 V = 0.31 V (+2 pts, No partial points) 

 

(b) (3 pts) ∆G° = -nFE°cell (+1 point) 

= -6 mol X 96485 C/mol X 0.31 V = -179.5 kJ (+3 pts) 

 

(c) (3 pts) ∆G° = -RTlnK = -nFE° or E° = (0.0592/n) logK (+1 point) 

Hence lnK = -∆G°/RT,   

K = exp(-∆G°/RT) = exp(179.5 X 1000 J/mol / (8.314 J/molK X 298K)  

= 2.9 X 1031 ( ~1031, order have to correct, 2 pts)   

(d) (4 pts)  

o o
cell cell 10

0.0592 log     (at 25 C) E E Q
n

= −o o
cell cell 10

0.0592 log     (at 25 C) E E Q
n

= −
 by Nernst equation (+2 pts) 

Q = (0.23 X 0.8 X 1.008)/(0.153 X [Cr3+]2)  

Hence, 0.15 V = 0.31 V – 0.0592 V / 6 X log((0.23 X 0.8 X 1.008)/(0.153 X [Cr3+]2)) 

6(0.15 – 0.31) V / 0.0592 V = -log (1.896/[Cr3+]2) 

1016.216 = 1.896/[Cr3+]2, Hence [Cr3+] = 1.07 X 10-8 M ( ~10-8 M, order have to correct, 2 pts) 



2. (Total 14 pts)  

(a) (3 pts) potential 안 써도 상관 없음 

Cathode:  2 H3O+(aq) + 2 e– → H2(g) + 2 H2O(l)             Eo = 0.00 V 

Anode:  3 H2O(l) → (1/2) O2(g) + 2 H3O+(aq) + 2 e–        – Eo = –(+1.229 V) 

              (6 H2O(l) → O2(g) + 4 H3O+(aq) + 4 e– )도 정답인정 

 (b) (4 pts) 각 2 pts 

E(cathode) = Eo (cathode) – (0.0592 V / nhc) log Qhc 

                         = 0.00 – (0.0592 V / 2) log {P(H2)/[H3O+]2} 

                         = 0.00 – (0.0592 V / 2) log {1/ (10–7)2} 

                         = – 0.414 V = E (H3O+(10–7 M)|H2(1 atm)) 

 E(anode) = Eo (anode) – (0.0592 V / nhc) log Qhc 

                = 1.229 – (0.0592 V / 2) log {P(O2)/[H3O+]2} 

                = 1.229 – (0.0592 V / 2) log {1/ (10–7)2} 

                = 0.815 V = E(O2(1 atm),H3O+(10–7 M)|H2O) 

 

(c) (3 pts) each of three: 1 pt 

∆E = E(cathode) – E(anode) = – 0.414 – 0.815 V = –1.229 V ( = ∆Eo ) 

Since ∆E < 0, ∆G > 0 → nonspontaneous  

→ needs an external voltage, Decomposition potential of 1.229 V. 

 

(d) (4 pts) reduction potential 계산 안하고 답만 맞는 경우 각각 0.5 pt; reduction potential 비교시, 

Concentraion of NaCl using Nernst eq. 고려하지 않으면 -1 pt.  

Possible half-cell reactions at electrode: 

Cathode: Na+(0.1 M) + e–  →  Na(s)               Eo (Na+|Na) = –2.71 V 

    2 H3O+(10–7 M) + 2 e–  → H2(g) + 2 H2O(l)      Eo(H3O+|H2) = 0.00 V 

Anode: 2Cl–(0.1 M) → Cl2(g) + 2 e–             – Eo(Cl2|Cl–) = –1.36 V 

    6H2O(l) → O2(g) + 4 H3O+(10–7 M) + 4 e–       – Eo(O2,H3O+| H2O) = –1.229 V 

   [H3O+] = [OH–] = 1.0 ×10–7 M, P(H2) = P(Cl2) = P(O2) = 1 atm at 25°C 

>> Reduction potential for the first reaction: 

           E(Na+|Na) = Eo (Na+|Na) – (0.0592 V / nhc) log Qhc 

                     = –2.71 – (0.0592 V / 1) log {1/[Na+]} 

               = –2.71 – (0.0592 V / 1) log {1/(0.1)} 

               = – 2.71 – 0.06 = – 2.77 V 

Smaller than – 0.414 V = E[H3O+(10–7 M)|H2(1 atm)] 

→ Reduction of Na+(aq) impossible! Hence hydrogen will be generated at the cathode 



>> Reduction potential for the third reaction: 

      E(Cl2|Cl–) = Eo (Cl2|Cl–) – (0.0592 V / nhc) log Qhc 

               = 1.36 – (0.0592 V / 1) log {[Cl–]/P(Cl2)} 

               = 1.36 – (0.0592 V / 1) log {(0.1) / 1} = 1.42 V 

 Larger than 0.815 V = E(O2(1 atm),H3O+(10–7 M)|H2O) 

→ reduction of Cl2(g) possible, oxidation of Cl- is not plausible! Hence, oxygen will be generated at 

the anode. 

 

3. (Total 6 pts) 
 (a) (3 pts) 

  = 2kt + , so 

 = 2kt +  

 = (2 X 7.0 X 109 M-1 s-1)(2 min X ) +  

 = 6.0 X 10-13 M 

Hence [I2] = 0.043 M 

 

(b) (3 pts) formular, 0.6 M, 0.42 M, 각각 1 pt 

 = 1/(2k[A]0), so 

For [I]0 = 0.6 M,  

 =1/(2k[I]0)  = 1/2 X  = 1.2 X 10-10 s 

For [I] = 0.42 M, 

 =   =  = 1.7 X 10-10 s 

 
 
 
 
 
 
 
 
 
 
 
 
 



4. (Total 9 pts) 
(a) (3 pts) k = A X exp(-Ea/RT)  

lnk1-lnk2 = ln(k1/k2) = Ea/R X (1/T2 – 1/T1) 

Hence,  

Ea = ln(k1/k2) X R X 1/(1/T2 – 1/T1) = ln(0.76/0.87) X 8.314 J/molK X 1/(1/1030K – 1/1000K) 

= 38.6 kJmol-1 

 

(b) (3 pts) from k = A X exp(-Ea/RT)  

A = k / exp(-Ea/RT) = 0.76 s-1 / exp ((-38.6 X 1000 J/mol) / (8.314 J/molK X 1000K)) = 

= 78.9 s-1 

 

(c) (3 pts) from k = A X exp(-Ea/RT)  

k at 1100 K = 78.9 s-1 X exp ((-38.6 X 1000 J/mol) / (8.314 J/molK X 1100K))= 1.16 s-1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



5. (Total 8 pts) 
(a) (4 pts) 

 
 

(b) (4 pts) 

 



6. (7 pts) B 2 pts, reduced mass 2 pt, length 3 pts 

We use the  to find B, and then B to find re..  

The differences 5 - 4 and 6 - 5 are 20.8 and 20.5 cm-1, respectively, so 

average B =  (20.65) = 10.32 ± 0.2 cm-1. 

 

The reduced mass, µ, in kilograms, is 

µ =  = amu( )( ) 

= 1.615 X 10-27 kg 

 

Then 

re = [ ]1/2 

= 1.296 X 10-10 m (= 1.296 Å) 

 
 
7. (Total 12 pts) 

(a) (6 pts) 각 1 pt, 다 맞았을 경우 +1 pt 

Me

Me

Me

OMe

O

H
Me

Me

O

H
Me

O

O Me

2 4 3 3 4

Me

 
 

(b) (6 pts) 각 1 pt, 다 맞았을 경우 +1 pt 

Me
MeMe O Me

O

O Me

Me

Me
Me

O

Me O Me

D E B A C
 

 



8. (Total 14 pts) 2 pts for a correct answer and -1 pt for a wrong answer 
(a) F 

The LUMO of ethylene is an antibonding orbital (π*). An additional antibonding electron means 

that the bond order decreases in C2H4
- compared to C2H 

(b) F 
The transfer reduces the overall bond order of the molecule by 1. The C to C bond in the 

molecule in the excited state should be longer than it was in the ground state. Because the bond is 

weaker, its force constant is diminished, and the vibrational frequency of the C to C stretching mode 

is reduced. 

(c) F  
Delocalization of the double bonds in benzene should lower the energy for an electronic transition. 

Therefore, the absorption occurs at longer wavelength in benzene.  

(d) T  
El-Sayed’s rule 

(e) F  
(f) T 

(g) F  

A strong absorption observed in the ultraviolet region of the spectrum of formaldehyde is attributed 

to a π → π* transition. 

 

 

9. (Total 8 pts) 

(a) (4 pts) 각 monomer 당 2 pts 

  
 

(b) (4 pts) 비슷하나 repeating unit 이 약간 틀렸을 경우 2 pts 

The resulting polymer is poly(1-butene), and its repeating unit is following : 

 



10. (Total 10 pts)  
 
(a) (3 pts) 

N
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N N

N

N

N

N

NN

N
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N O O

N
H H
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H
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H

 
 

(b) (3 pts) 각 hydrogen bonding 당 1 pt, 다 맞는 경우 +1 pt 

N
N

N

N
R

N
H

H

adenine thymine

N
N

O R

O Me

H

 
 

(c) (4 pts) 각 hydrogen bonding 당 1 pt, 다 맞는 경우 +1 pt 

guanine cytosine
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2014 FALL Semester Final Examination 
For General Chemistry II (CH103) 

 
Date: December 17 (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. 

Professor 
Name Class Student I.D. Number Name 

    
 

Problem points Problem points TOTAL pts 

1 /12 6 /7  

 

 

/100 

2 /14 7 /12 

3 /6 8 /14 

4 /9 9 /8 

5 /8 10 /10 
 
** This paper consists of 14 sheets with 10 problems (page 11: standard reduction potentials and 9H NMR 
chemical shifts, page 12: fundamental constants, page 13: periodic table, page 14: claim form). Please check 
all page numbers before taking the exam. Write down your work and answers in the 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. 
   1. Period, Location and Procedure 

1) Return and Claim Period: December 19 (Friday, 11:00-13:00, 2 hrs) 
2) Location: Creative Learning Bldg.(E11) 

Class Room 

A 407 

B 408 

C 409 
3) Claim 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) 

(During the period, you can check the marked exam paper from your TA and should hand in the paper with a FORM for claims if 
you have any claims on it. The claim is permitted only on the period. Keep that in mind! A solution file with answers for the 

examination will be uploaded on 12/19 on the web.) 
2. Final Confirmation 

1) Period: December 20(Sat) – 21(Sun) 
2) Procedure: During this period, you can check the final score of the examination on the website again.  

To get more information, visit the website at www.gencheminkaist.pe.kr. 

1. (Total 12 pts) The following reaction occurs in an electrochemical cell (25 °C).  

http://www.gencheminkaist.pe.kr/


3HClO2(aq) + 2Cr3+(aq) + 12H2O(l) 3HClO(aq) + Cr2O7
2-(aq) + 8H3O+(aq)  

 

(a) Calculate E° for this cell.  

(Answer) 
 

 

 

 

 

(b) Calculate ∆G° for this cell. 

(Answer) 
 

 

 

 

 

(c) Calculate the equilibrium constant for this reaction.  

(Answer) 
 

 

 

 

 

(d) At pH 0, with [Cr2O7
2-] = 0.8 M and [HClO2] = 0.15 M, and [HClO] = 0.2 M, the cell potential is 

found to equal 0.15 V. Calculate the concentration of Cr3+ (aq) in the cell.  

(Answer) 
 

 

 

 

 

 

 



 
2. (Total 14 pts) Consider the electrolysis of pure water. 

H2O  →  H2 + 1/2 O2 

(a) Write the half-cell reactions for the cathode and anode.  

(Answer) 
 

 

 

 

(b) Assuming that the hydrogen and oxygen are produced at atmospheric pressure, calculate the 

reduction potential for each half-reaction at pH = 7. 

(Answer) 
 

 

 

 

 

 

 

(c) What is the overall cell potential? Is the reaction spontaneous? How much potential should be 

applied for the electrolysis of pure water to occur? 

(Answer) 
 

 

 

 

(d) Suppose you apply 1.5 V on 0.1 M aqueous solution of NaCl. Which substances will be 

generated in the cathode and in the anode, respectively? (Rationalize your explanation based on 

the analysis of the reduction potential of each substance present in the solution.) 

(Answer) 
 

 

 

 

 

 

 



 

3. (Total 6 pts) Iodine atoms combine to form molecular iodine in the gas phase : 

I(g) + I(g) → I2(g) 

This reaction follows second-order kinetics with k = 7.0 × 109 M-1 s-1 at 23 oC. 

(a) If the initial concentration of I was 0.086 M, calculate the concentration after 2 min.  

(Answer) 
 

 

 

 

(b) Calculate the half-life of the reaction if the initial concentration of I is 0.6 M and if it is 0.42 M. 

(Answer) 
 

 

 

 

 

4. (Total 9 pts) The rate constant of the first-order reaction 2N2O (g) → 2N2 (g) + O2 (g) is 0.76 s-1 at 

1000 K and 0.87 s-1 at 1030 K.  

(a) Calculate the activation energy (Ea) of the reaction.  

(Answer) 
 

 

 

 

(b) Calculate the pre-exponential factor (A, from the Arrhrenius equation) of the reaction. 

(Answer) 
 

 

 

 

(c) What would be the predicted rate constant at 1100 K? 

(Answer) 
 

 

 

 



5. (Total 8 pts) The conversion of dissolved carbon dioxide in blood to HCO3
- and H3O+ is catalyzed 

by the enzyme carbonic anhydrase. The Michaelis-Menten constants for this enzyme and substrate 

are Km = 8×10-5 molL-1 and k2 = 6×105 s-1. 

 

(a) What is the maximum rate of reaction of carbon dioxide if the enzyme concentration is 5×10-6 M? 

(Answer) 
 

 

 

 

 

 

 

 

 

(b) At what CO2 concentration will the rate of decomposition be 30% of that calculated in part (a)? 

(Answer) 
 

 

 

 

 

 



 
6. (7 pts) Following figure is a pure rotational spectrum for HCl. The line positions of the fourth, fifth, 

and sixth lines of the spectrum shown in the figure are  = 83.03 cm-1,  = 103.8 cm-1, and  = 

124.3 cm-1. Find the equilibrium bond length re for HCl. Note that . 

(mH = 1.00, mCl = 35.00) 

 

 
(Answer) 
 

 

 

 



 
7. (Total 12 pts) 

(a) Predict the number of peaks (set of peaks generated by spin-spin coupling is counted as one 

peak) in the proton NMR spectrum of the following compounds. 
Me

Me

Me

OMe

O

H
Me

Me

O

H
Me

O

O Me
Me

 
 

 

(b) Below are the 1H NMR spectra (DMSO-d6, 300 MHz) of five different compounds. Assign the 

spectra to each compounds. Refer the 1H NMR chemical shift chart. 

Me
MeMe O Me

O

O Me

Me

Me
Me

O

Me O Me

 
 

A                                           B  

0123
PPM

01234
PPM  

C                                           D 

012345
PPM

012345
PPM   

E 

012345678
PPM  



8. (Total 14 pts) Classify each of the following statements as ‘True’ (T) or ‘False’ (F). You will get 2 

pts for a correct answer and -1 pt for a wrong answer. 

 

(a) If an ethylene molecule gains an additional electron to give the C2H4
- ion, the bond order of the 

carbon-carbon bond will increase. 

(Answer) 
 

(b) If an electron in the π orbital of C2H4 is excited by a photon to the π* orbital, the vibrational 

frequency in the excited state will be higher than in the ground state. 

(Answer) 
 

(c) The structure of the molecules cyclohexene and benzene are shown below. 

cyclohexene benzene  
The absorption of ultraviolet light by benzene occurs at shorter wavelength. 

(Answer) 
 

(d) Intersystem crossing is enhanced between states of different orbital configurations for organic 

molecules containing only the lighter elements. 

(Answer) 
 

 

(e) Φp’s are small for molecules that have rapid S1 → Tn intersystem crossing rates. 

(Answer) 
 

 

(f) Bacteria have a single photosynthetic system that absorbs longer wavelengths than plants and 

does not produce holes sufficiently oxidizing to oxidize water. 

(Answer) 
 

 

(g) A strong absorption observed in the ultraviolet region of the spectrum of formaldehyde is 

attributed to an n → π* transition. 

(Answer) 
 

9. (Total 8 pts) 

(a) The following structure is the repeating unit of Kevlar, a mechanically strong fiber used to make 



bulletproof vests. Draw two monomer chemical structures for Kevlar. 

 
(Answer) 
 

 

 

 

 

 

 

 

 

(b) Draw the repeating unit of the polymer which is formed when peroxides are added to 

CH3CH2CH=CH2 at a high temperature and pressure.  

(Answer) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

10. (Total 10 pts)  
(a) The primary genetic material of biological systems is DNA. DNA is made up of four types of 

nucleotides which have different bases. Those are adenine, thymine, guanine and cytosine. Below 

are the structures of four bases. Write the name of each base below the structure. 

 

N

NN

N N

N

N

N

N

NN

N

R R

O

N O O

N
H H

H

H

H

R R

O
Me

N
H H

H

adenine  
 

(b) Adenine and thymine can form two intermolecular hydrogen bonding which enable the formation 

of DNA double helix. Indicate these two hydrogen bonds from the molecular structure of these two 

bases. 

 

N
N

N

N
R

N
H

H

adenine thymine  
 

(c) Guanine and cytosine can form three intermolecular hydrogen bonding which enable the 

formation of DNA double helix. Indicate these three hydrogen bonds from the molecular structure of 

these two bases. 

 

 

 

 

 

  

guanine cytosine  



 

<Standard Reduction Potentials at 25 oC and 1H NMR chemical shifts> 
 

 
 

 



 

 



 

 



Claim Form for General Chemistry Examination                 Page (   /   ) 
 

Class:           , Professor Name:            , I.D.# :              , Name:                         
 
If you have any claims on the marked paper, please write down them on this form and submit this with your paper in 
the assigned place. (And this form should be attached on the top of the marked paper with a stapler.) Please, copy 
this sheet if you need more before use.  
 

 

By Student By TA 

Question # Claims 
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2014 FALL Semester Midterm Examination 
For General Chemistry II (CH103) 

 
Date: October 22 (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. 

Professor 
Name Class Student I.D. Number Name 

    
 

Problem points Problem points TOTAL pts 

1 /6 6 /10  

 

 

/100 

2 /10 7 /13 

3 /8 8 /10 

4 /11 9 /12 

5 /14 10 /6 
 
** This paper consists of 14 sheets with 10 problems (page 12: fundamental constants, page 13: periodic table, 
page 14: claim form). Please check all page numbers before taking the exam. Write down your work and 
answers in the 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 27 (Mon, 6:30 ~ 7:30 p.m.) 
2) Location: Room for quiz session 
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. 
 

2. Final Confirmation 
1) Period: October 30 (Thu) – October 31 (Fri) 
2) Procedure: During this period, you can check the final score of the examination on the website. 
 

** For further information, please visit General Chemistry website at www.gencheminkaist.pe.kr. 

1 

 



<The Answers> 

Problem points Problem points TOTAL pts 

1 6/6 6 3+4+3/10  

 

 

/100 

2 2x5/10 7 2x3+3+2+2/13 

3 4+4/8 8 2+2+4+2/10 

4 8+3/11 9 10+2/12 

5 2+2+5+3+2/14 10 6/6 
 

전체 기준: 계산 문제 위주이므로 부분 점수를 최소한으로 줄 것. 

전개과정은 맞으나 답이나 unit 이 틀리면 -1 

답은 맞으나 전개과정이 약간 틀렸을 때 -1 

식을 전혀 쓰지 않고 (혹은 흔적이 전혀 없고) 답만 맞았을 때 -1 (3 pts), -2 (4 pts 이상) 
 

1. (Total 6 pts) Kirchhoff’s law 적용 4 pts, Cp 2 pts 

˚p, rxn = vP ˚P - vR ˚P 

           = 2 ˚P[H2O (l)] - 2 ˚P[H2 (g)] - ˚P[O2 (g)] 

        = 2(75.3 J mol-1 K-1) – 2(28.8 J mol-1 K-1) - 29.4 J mol-1 K-1 

        = 63.6 J mol-1 K-1 

 Using Kirchhoff’s law gives 

 ΔH˚rxn(T2) = ΔH˚rxn(T1) + ˚p, rxn ΔT 

   = -571.6 kJ mol-1 + (63.6 J mol-1 K-1)(373.15 K – 298.15 K)( ) 

   = -566.8 kJ mol-1 

(Heat capacities are generally given in units of J mol-1 K-1 , whereas enthalpies are usually in units of 

kJ mol-1 so we must always be careful to include the conversion from joules to kilojoules in these 

types of calculations.) 

 
 

2. (Total 10 pts) 각각 맞으면 1pt 씩, 틀리면 -0.5 pt  

(a) F (an isolated system.) 

(b) T 

(c) F (only for an isolated system) 

(d) T 

(e) F ((3/2)(1+1+2*(N-2))R = (3/2)(2N-2)R) 

(f) F (i.e. phase change) 



(g) T 

(h) F (for pure substance) 

(i) F (opposite to the 2nd thermodynamic law) 

(j) T 

 

 

3. (Total 8 pts) 
(a) (4 pts) 2 pts for each 

 ΔHFe = nCPΔT = (1.00 mol)(25.1 J K-1mol-1)(273.15 - 373.15 K) = -2510 J  

ΔSFe = nCP ln  = (1.00 mol)(25.1 J K-1mol-1) ln  = -7.83 J K-1 

 

(b) (4 pts) 2 pts for each 
The entropy S is a function of state, and the initial and final states of the piece of iron are the same 

as in part a). Therefore ΔSFe = -7.83 J K-1. The reservoir of water gains the 2510 J of heat from the 

piece of iron at a constant temperature of 273.15 K.  

Therefore ΔSwater = 2510 J /273.15 K = +9.19 J K-1. 
ΔStotal = ΔSFe + ΔSwater = 1.36 J K-1 

 

 

4. (Total 11 pts) 
(a) (8 pts) 2 pts for each 

q = ∆Hvap + nCp∆T  

= 2.00 mol × 23.4 kJ/mol + 2 mol × 38 J/molK × 58 K = 51.2 kJ 

w = -P∆V = −P ×  = −nRT 

  = −2.00 mol × 8.315 J/molK × 298 K = −4.96 kJ  

∆U = q + w  

   =51208 J − 4955.7 J = 46.2 kJ 

The reaction is conducted at constant pressure of 1 atm. Hence, ∆H = q. 

∆H = 51.2 kJ 

 

(b) (3 pts) 

∆Svap = qrev/T = ∆Hvap /T = (23.4 × 103 J/mol) / 240 K = 97.5 J mol-1 K-1 

 

 



5. (Total 14 pts) 
(a) (2 pts) 

[PCl5] = 3.00 mol/L, [PCl3] = 6.00 mol/L, [Cl2] = 1.00 mol/L,  

Q =  = 3.00/6.00*1.00 = 0.5 

Q ≠ K, hence the reaction is not at equilibrium.  

 

(b) (2 pts) 

Q < K, hence the reaction will proceed to the right direction to form PCl5.  

 

(c) (5 pts) 2nd order equation까지 세웠으나 약간 틀렸을 경우 2 pts 

PCl3 + Cl2 PCl5

initial
conc (mol/L)

6.00 3.00

change in
conc (mol/L)

-x +x

equilibrium
conc (mol/L)

6-x 3+x

1.00

-x

1-x

 

Kc =  = (3+x)/[(6-x)(1-x)] = 0.56 

Hence 

0.56x2 – 4.92x + 0.36 = 0 

Solve the quadratic equation to get 

x = 9.2 or 0.07. 9.2 is physically nonsensical. x=0.07 

Hence, 

[PCl5] = 3.07 mol L-1, [PCl3] = 5.93 mol L-1, [Cl2] = 0.93 mol L-1 at equilibrium  
 

(d) (3 pts) ∆H° 구하지 않고 정성적인 답만 썼을 경우 1 pt 

 ∆Hf
° (PCl3(g)) = −287.0 kJ/mol. ∆Hf

° (PCl5(g)) = −374.9 kJ/mol. 

Hence, the enthalpy of reaction  

∆H° = ∆Hf
° (PCl5(g)) – (∆Hf

° (PCl3(g)) + ∆Hf
° (Cl2(g)))  

= −374.9 + 287.0 = −87.9 kJ/mol (Exothermic reaction) 

If the temperature is increased, PCl5 will be consumed to form more chlorine gas (Le Chatelier’s 

principle).  

 

(e) (2 pts) 

If the volume is decreased, chlorine will be consumed to form more PCl5 (Le Chatelier’s principle). 



6. (Total 10 pts) 
(a) (3 pts) 

From van’t Hoff equation applied in the vapor pressure case, 

 
ln(4.23/0.4034) = −∆Hvap/(8.315 J/molK)[1/273.5 K − 1/223.15] 

 ∴∆Hvap = 23.82 kJ mol-1 

 

(b) (4 pts) 

 
In vaporization case PNH3(g) = K 

 (equation 1) 

 
 

(c) (3 pts) 

Normal boiling point is temperature where vapor pressure is 1 atm.  

From equation 1, 

T = ∆Hvap / (∆Svap – RlnP)  

= (23820 J/mol) / (99.20 J/molK – 8.315 J/molK × ln1) 

= 240.1 K 

 



7. (Total 13 pts) 2 pts for (a-c, e, f); 3 pts for (d), circle 1 pt + reason 1 pt;  

OH OH

H H

CF3COOH CCl3COOH

OH

NO2

OH

NO2

OMe
H

N
H

Me
H

N
H2

Me
H

N
H

Me
H

+

(a)

(b)

(c)

(d)

(e)

(f)

Conjugate base has
more resonance 

structures.

Conjugate base has
more resonance 

structures.

F is more 
electronegative

than Cl.

Conjugate base has
more resonance 
structures over
the nitro group.

O is more 
electronegative

than N.

Protonated amine
is more acidic.

(2 pts)

(2 pts)

(2 pts)

(2 pts)

(3 pts)

(2 pts)

 

 

 



 For (d), 

O-

N+
O-O

O

N+
O-O

O

N+
O-O

-

-

O

N+
O--O

O

N+
O-O

-

additional 
stabilization 

by the nitro group  
 

 

8. (Total 10 pts) 
(a) (2 pts) 

In applying the Henderson-Hasselbalch equation,  

nHA = nNaA = 0.010 mol, and pH = pKa =4.75 

 

(b) (2 pts) 

nHA = 0.005 mol, nNaA = 0.015 mol; pH = 4.75 + log10(0.015/0.005) = 5.23 

 

(c) (4 pts) 2 pts for each 

Note that solution (b), which contains more salt, has a higher pH as expected since the salt is basic. 

The added strong base will react stoichiometrically with HA, thereby reducing the amount nHA, and 

increasing nNaA. 

For (a), nHA = 0.010 – 0.002 = 0.008 mol; nNaA = 0.010 + 0.002 = 0.012 mol 

    pH= 4.75 + log10(0.012/0.008) = 4.93, an increase of 0.18 

For (b), nHA = 0.005 – 0.002 = 0.003 mol; nNaA = 0.015 + 0.002 = 0.017 mol 

pH= 4.75 + log10(0.017/0.003) = 5.50, an increase of 0.27 

 

(d) (2 pts) 

If the solution is unbuffered, the acid present to yield pH = 4.75 is negligible compared to the added 

base, and the pH is determined entirely by the NaOH: pOH = -log10(0.002 mol/0.1L) = 1.70 and pH 
12.30, an increase of pH 7.55. 
 



9. (Total 12 pts) 
(a) (10 pts) the second equation 4 pts, the first equation 6 pts 

Very high formation constant indicates that most of the Cu2+ would exist as a complex-ion with the 

cyanide anion upon mixing. Limiting reagent is CuCl2. Hence,  

Initial Cu(CN)4
2- concentration: 0.02 M 

Initial CN- concentration: 0.1 – 4 × 0.02 = 0.02 M.  

CN- hydrolyzes water  

CN- + H2O  HCN + OH- 

CN- + H2O OH- HCN

initial
conc (M)

0.02 ~0 0

change in
conc (M)

-x +x +x

equilibrium
conc (M)

0.02-x x x
 

[HCN][OH-]/[CN-] = x2/(0.02−x) = Kb = Kw/Ka = 10-14/(6.166 × 10-10) = 1.62 × 10-5  

Solving the quadratic equation for x gives, 

x = 5.61 × 10-4  

[CN-] = 0.02 - 5.61×10-4 = 0.0194 M 

Cu(CN)4
2-(aq)  Cu2+(aq) + 4CN-(aq)  K = 1/Kf = 5 × 10-31 

Cu(CN)4
2- Cu2+ 4CN-

initial
conc (M)

0.02 ~0 0.0194

change in
conc (M)

-x +x +4x

equilibrium
conc (M)

0.02-x x 0.0194+4x

 
 

[Cu2+][CN-]4/[Cu(CN)4
2-] = [x*(0.0194+4x)4]/(0.02−x) ≒ (x*0.01944)/(0.02) = K = 5 × 10-31  

x = [Cu2+] = 7.06 × 10-26 M  

 

(b) (2 pts) 

[OH-] = 5.61 X 10-4  

 [H3O+] = Kw/[OH-] = 10-14 / (5.61 × 10-4) = 1.78 × 10-11 

pH = 10.7 

 



10. (Total 6 pts) Ksp of CaCO3 2 pts 

Use the letter C to refer to CaCO3 and B to refer to BaCO3. For CaCO3: 

SC = 7 X 10-3 g L-1 X  = 7 X 10-5 mol L-1 so that Ksp,C = S2
C = 5 X 10-9 

Write the Ksp expressions for dissolution of the two carbonates and divide one by the other: 

  

Just after the precipitation of CaCO3 has begun, both dissolution reactions are at equilibrium, and 

the concentration of Ba2+ has been reduced to 0.10 of what it was originally. Therefore 

 
Ksp,B = (0.10) Ksp,C = 0.10 (5 X 10-9 ) = 5 X 10-10 

 



1. (Total 6 pts) The standard enthalpy change for the reaction  

2 H2(g) + O2(g) → 2 H2O(l) 

is -571.6 kJ mol-1 at 25 oC. Calculate the value of ΔH˚rxn at 100 oC, assuming that all 𝐶𝑝̅𝑜 values are 

independent of temperature. (𝐶𝑝̅𝑜 is 29.4, 28.8, and 75.3 J mol-1 K-1 for O2(g), H2(g), and H2O(l), 

respectively.) 

(Answer) 
 

 

 

 

 

 

 

 

 

 

 

 

 

2. (Total 10 pts) Classify each of the following statements as ‘True’ (T) or ‘False’ (F). You will get 1 pt 

for a correct answer, and -0.5 pt for a wrong answer. 

 

(a) A bomb calorimeter in which benzene is burned is a thermodynamically closed system. 

(Answer) 
 

 

 

(b) V (volume) and S (entropy) are both state functions and extensive properties. 

(Answer) 
 

 

 

(c) The total energy of a system is always conserved. 

(Answer) 
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(d) The constant-pressure heat capacity is always larger than the constant-volume heat capacity. 

(Answer) 
 

 

 

(e) According to the equipartition theorem of energy, a nonlinear ideal gas molecule containing N 

atoms has 3N degree of freedom and thus can contribute (3/2)NR to Cv. 

(Answer) 
 

 

 

(f) Enthalpy change is always stored as bond energies. 

(Answer) 
 

 

 

(g) Entropy of the isolated system always increases in any spontaneous processes. 

(Answer) 
 

 

 

(h) Entropy approaches to zero as temperature decreases to 0 K for any substance in its equilibrium. 

(Answer) 
 

 

 

(i) There is a device that can transfer heat withdrawn from a reservoir completely into work with no 

other effect. 

(Answer) 
 

 

 

(j) NO2 has the higher molar heat capacity than NO. 

(Answer) 
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3. (Total 8 pts) Iron has a heat capacity of 25.1 J K-1mol-1, approximately independent of 

temperature between 0 oC and 100 oC. 

(a) Calculate the enthalpy and entropy change of 1.00 mol iron as it is cooled at atmospheric 

pressure from 100 oC to 0 oC. 

(Answer) 
 

 

 

 

 

 

 

 

 

 

 

(b) A piece of iron weighting 55.85 g and at 100 oC is placed in a large reservoir of water held at 

0 oC. It cools irreversibly until its temperature equals that of the water. Assuming the water reservoir 

is large enough that its temperature remains close to 0 oC, calculate the entropy changes for the iron 

and the water and the total entropy change in this process. 

(Answer) 
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4. (Total 11 pts) 

(a) Calculate q, w, ∆H, and ∆U for the following reaction. (Assume that the gas behaves ideally and 

that the volume occupied by the liquid is negligible.) 

2.00 mol NH3 (l, 1 atm, 240 K) → 2.00 mol NH3 (g, 1 atm, 298 K) 

- Normal boiling point of liquid ammonia: 240 K 

- Enthalpy of vaporization at 240 K: 23.4 kJ mol-1 

- Cp of ammonia: 38 J K-1mol-1 

(Answer) 
 

 

 

 

 

 

 

 

 

(b) Calculate the entropy of vaporization of ammonia at 240 K.  

(Answer) 
 

 

 

 

 

5. (Total 14 pts) In the following reaction, 

PCl3(g) + Cl2(g) ⇄ PCl5 (g)  K = 0.56 (L mol-1) at 250 °C 

1.50 mol PCl5, 3.00 mol PCl3, 0.50 mol Cl2 are present in a 0.500 L reaction vessel at 250 °C (∆Hf
° 

(PCl3(g)) = −287.0 kJ mol-1, ∆Hf
° (PCl5(g)) = −374.9 kJ mol-1). 

(a) Is the reaction at equilibrium? Write the reason for your statement. 

(Answer) 
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(b) If not, in which direction is it proceeding? 

(Answer) 
 

 

 

 

(c) What are the equilibrium compositions (mol L-1) of all chemical substances? 

(Answer) 
 

 

 

 

 

 

 

 

 

 

 

 

(d) Once the equilibrium is reached, if the temperature is increased to 300 °C, do you expect more 

chlorine gas to be consumed or generated? 

(Answer) 
 

 

 

 

 

 

 

(e) Once the equilibrium is reached, if you compress the vessel to half the volume, do you expect 

more chlorine gas to be consumed or generated? 

(Answer) 
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6. (Total 10 pts) The vapor pressure of ammonia at −50 °C is 0.4034 atm. At 0 °C, it is 4.230 atm. 

Assume that ∆Hvap and ∆Svap are approximately independent of temperature. 

(a) Calculate the molar enthalpy of vaporization of ammonia.  

(Answer) 
 

 

 

 

 

 

 

 

 

(b) Calculate the molar entropy of vaporization of ammonia. 

(Answer) 
 

 

 

 

 

 

 

 

 

(c) Calculate the normal boiling temperature of ammonia liquid. 

(Answer) 
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7. (Total 13 pts) Between two chemical structures shown below, circle the substances with a more 

acidic proton (evaluate the acidity of the “bold” protons, a-f), and briefly explain the reason. 

 

OH OH

H H

CF3COOH CCl3COOH

OH

NO2

OH

NO2

OMe
H

N
H

Me
H

N
H2

Me
H

N
H

Me
H

+

(a)

(b)

(c)

(d)

(e)

(f)
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8. (Total 10 pts) 

Find the pH of acetic acid (HA)/ sodium acetate (NaA) buffer solutions made from  

(a) 50 mL 0.20 M HA and 50 mL 0.20 M NaA 

(Answer) 
 

 

 

 

 

(b) 25 mL 0.20 M HA and 75 mL 0.20 M NaA. 

(Answer) 
 

 

 

 

 

 

(c) Calculate the change in pH when 80 mg NaOH (s) is added to each of these solutions (a and b). 

(Answer) 
 

 

 

 

 

 

 

 

 

(d) Compare the results with adding the same amount of NaOH to an unbuffered solution of the 

same pH and volume as solution (a). Neglect the change in volume on adding NaOH (s) (pKa of HA 

is 4.75). 

(Answer) 
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9. (Total 12 pts) 

(a) Calculate the concentration of Cu2+ (aq) in an aqueous solution that contains 0.020 ml of CuCl2 

and 0.1 mol of NaCN in 1.0 L (pKa of HCN is 9.21).  

Cu2+(aq) + 4CN-(aq) ⇄ Cu(CN)4
2-(aq)       Kf = 2.0 X 1030 

(Answer) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) What is the pH of the resulting solution? 

(Answer) 
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10. (Total 6 pts) The solubility of CaCO3 in water is about 7 mg L-1. Show how one can calculate the 

solubility product of BaCO3 from this information and from the fact that when sodium carbonate 

solution is added slowly to a solution containing equimolar concentrations of Ca2+ and Ba2+, no 

CaCO3 is formed until about 90% of the Ba2+ has been precipitated as BaCO3. 

(Answer) 
 

  

11 
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