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2007 Fall Semester Mid-term Examination 
For General Chemistry II 

 
Time Limit:  7:00 ~ 9:00 p.m. 
 

Professor 
Name Class Student Number Name 

    
 

Problem No. Scores (points) Problem No. Scores (points) TOTAL 

1 /12 5 /15  

 

 

 

/100 

2 /10 6 /15 

3 /10 7 /10 

4 /13 8 /15 

** This paper consists of 10 sheets with 8 problems. Please check all page numbers before taking the exam. 
** Also, periodic table is attached on last page. 
 
 
 
NOTICE: SCHEDULES on DISTRIBUTION and CORRECTION of Mid-term PAPER SCORED. 

(채점답안지 분배 및 정정 일정) 

 1. Period, and Procedure 
1) Distribution and Correction Period: October 29 (Monday), Practice Hours; 7: 00 ~ 8:30 
2) Procedure: During the practice hours, 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 to your mid-term paper scored (Please, write your name, professor, and class.). Submit 
them to your TA. The papers with the claims will be re-examined by TA. 

The correction is permitted only on the period. Keep that in mind! 
2. Final Confirmation 

1) Period: November 6 (Tuesday)-November 7 (Wednesday), 2 days 
2) Procedure: During the period, you can check your score of the mid-term examination on the website 
again. 

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

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

R = 0.08 L atm mol-1 K-1 

kb = 1.381×10-23JK-1 

N0 = 6.022×10-23 mol-1 

 

[1] (12 points total) 

(a) (3 points) Give the number of translational, rotational and vibrational degrees of freedom for a 

water molecule.  

Answers) 

For a water molecule (H2O), N=3. The total number of DF = 3N = 9. 

Among these, Translational DF = 3, Rotational DF = 3 (since the water molecule is non-linear), 

Vibrational DF = 3. 

 +1 translational DFs 

 +1 rotational DFs 

 +1 vibrational DFs 

 

(b) (3 points) If the water molecule dissociates into H and OH, how does the number of translational, 

rotational and vibrational degrees of freedom change? 

Answers) 

For H, N = 1. The total number of DF = 3. 

Translational DF = 3, Rotational DF = 0, Vibrational DF = 0 

For OH, N=2, The total number of DF = 3N=6. 

Translational DF = 3, Rotational DF = 2 (since OH is linear), Vibrational DF = 3N-5=1. 

In total, for H + OH, Translational DF = 6, Rotational DF = 2, Vibrational DF = 1. 

So upon dissociation, it loses 3 translational DF and instead gain 2 rotational DF and 1 vibrational DF. 

+0.5each trans, rot, vib, DFs for H atom 

 +0.5each trans, rot, vib, DFs for OH 

(c) (3 points) Which of the following molecules will show a far-infrared or microwave spectrum? 

ClF Cl2 NO2 CS2 C2H4 CH3Cl 

Answers)   ClF, NO2, CH3Cl 

+1 each for correct molecule /-1 each for incorrect ones 

(d) (3 points) Which of the molecules of (c) will show an infrared spectrum? 

 

Answers) 

ClF, NO2, CS2, C2H4, CH3Cl 

+1 each for correct molecule/     -1 each for incorrect ones 
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[2] (10 points Total) In the Dumas method for determination of molecular mass of volatile liquids, a 

compound of unknown molecular mass is vaporized completely into a flask with a pinhole over its mouth, 

driving out all the air. The liquid is then recondensed and weighed. If the vapor from 1.00g liquid was 

found to occupy a 400ml flask at 100℃ and 700 torr, what is the molecular mass?  

( R = 0.08 L atm mol-1 K-1) 

Answers) 

 
n= PV/RT = [(700torr)(1atm/760torr)(0.400L)]÷[0.082L atm mol-1 K-1] 
 

 
Thus the molar mass is M = 1.00g/0.01204 mol = 83g/mol 

 

For working: 

-1 for wrong unit 

-1 for blunder 

-2 for wrong conception (e.g. division by N, missing out division by 760 etc.) 

+4 for PV=nRT 

 

For answer: 

 -3 for wrong figure 

 -1 for small error 

 

 

 [3] (10 points total) Consider the Van der Waals equation of state. For the CO2 vapor, a = 3.610 atm L2 

mol-2, b = 0.04286 L mol-1. At 400K, there is 2.0 mol of CO2. Gas inside the volume of 1.0 L. Use the 

following R value for simplicity. R = 0.08 L atm mol-1 K-1 

-1 for wrong unit 

 

a,b) +1 correct formula 

+1 correct calculation process 

+1 correct answer 

c) If repulsive force, and attractive force is wrong -2 for each. 

 

 

(a) (3 points) What is the pressure? 

Answers) 

 

P= {(nRT)÷(V-nb)} –a(n2÷V2) =[{(2 mol)( 0.08 L atm mol-1 K-1)(400K)}÷{(1L)-(2mol×0.04286 L mol-1)}] 

– [3.610 atm L2 mol-2 {(2mol)2÷(1L)2}] = 70.00 – 14.4 = 55.6 atm 
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(b) (3 points) What would the pressure if this were ideal gas? 

Answers) 

 

 P= nRT/V ={(2 mol)( 0.08 L atm mol-1 K-1)(400K)}/1L = 64.0 atm 

 

 

(c) (4 points) For the real gas, how much of pressure would increase or decrease by the repulsive force 

and attractive force compared with that of the ideal gas? 

Answers) 

 

Due to the repulsive force, 70.0 atm- 64.0 atm = 6.0 atm increases. 

Due to the attractive force, 14.4 atm decreases 

 

 

[4] (13 points total) Following dimerization reaction, 2 2 42NO  (g) N O  (g)→←   

 

-1 for wrong unit 

 

a) 

 +4 for correct formula 

 +2 for correct answer 

b) 

 +5 for correct formula 

 +2 for correct answer 

 

(a) (6 points) Predict K at 100℃. 298 13.67 /oH kcal mol∆ = − , 298 6.97K = . 

Answers) 

 

2

1 2 1

1 1ln K H
K R T T

 ∆
= − − 

 



 

373 13,670cal/mol 1 1ln 4.637
6.97 1.9872cal/K mol 373.15K 298.15K
K −  = − − = − ⋅  

 

-4.637
373 6.97e 0.0675K = =  

 

 

 

(b) (7 points) Find the equilibrium partial pressures at that temperature and a total pressure of 1.3atm.  

 

Answers) 
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By, Example 12.2 2 2(2 1/ ) 0x P K x P− + + =  
2 17.4148 1.6900 0x x− + =  

17.31720922x =  0.9759078260x =  

 PN2O4 = x = 0.0976 atm,  PNO2 = P – x = 1.30 – 0.0976 = 1.20 atm 

 

 

[5] (15 points total) Explain the effect of each of the following stresses on the position of the following 

equilibrium 

2 23 ( ) ( ) ( )NO g N O g NO g→ +←  

The reaction as written is exothermic. +3 for each correct answer 

 

(a) (3 points) N2O(g) is added to the equilibrium mixture without change of volume or temperature. 

 Answers) (a) shifts left 

 

(b) (3 points) The volume of the equilibrium mixture is reduced at constant temperature. 

 Answers) (b) shifts right 

 

(c) (3 points) The equilibrium mixture is cooled 

 Answers) (c) shifts right 

 

(d) (3 points) Gaseous argon (which does not react) is added to the equilibrium mixture while both the 

total gas pressure and the temperature are kept constant. 

 Answers) (d) shifts left 

 

(e) (3 points) Gaseous argon is added to the equilibrium mixture without changing volume. 

 Answers) (e) no effect 
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[6] (15 points total) To make a buffer solution, 1.00 mol of formic acid (HCOOH) and 0.500 mol of 

sodium formate (HCOONa) are dissolved in 1.00 L of water. Ka = 1.77×10-4 

-2 for wrong formula 

a, b) -2 for wrong answer 

c) 0 point given when the cubic equation is not presented 

(a) (5 points) Calculate the pH of the buffer solution. 

 Answers)  

 
(b) (5 points) Suppose 0.100 mol of a strong acid such as HCl is added to the above buffer solution. 

Calculate the pH of the resulting solution. 

 Answers)  
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(c) (5 points) Calculate the pH of a 1.00×10-5M solution of HCN(aq) Ka = 6.17×10-10 

(Hint: If you can’t solve the pH, it’s okay to write down the equation about [H+].) 

 Answers)  

In a situation where H+ produced by can not be neglected.  

[ ][ ]
[ ]a

H AK
HA

+ −

=   [ ][ ]wK H OH+ −=  

[ ] [ ] [ ]H A OH+ − −= +  (charge balance) 

[ ] [ ] [ ]oHA A HA−= +  (mole balance) 

And solve that equation we get 

[ ]([ ] )
[ ]

[ ] [ ]
[ ]

w

a
w

o

KH H
HK KHA H

H

+ +
+

+
+

−
=

− +
 

Cubic equation about [H+] is [H+]3 + Ka[H+]2 – (Kw + Ka[HA]o) [H+] – KaKw = 0 

[H+]3 + 6.17×10-10 [H+]2 – 1.617×10-14 [H+] – 6.17×10-24 = 0 

Carrying out the procedure gives [H+] = 1.27×10-7M 

pH = 6.90 
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[7] (10 points) A galvanic cell is constructed using a standard hydrogen half-cell(with platinum electrode) 

and a half-cell containing silver and silver chloride 

 Pt l H2(1atm) l H3O+(1M) ll Cl-(1.00 × 10-3 M) + Ag+(? M) l AgCl l Ag 

The H2 l H3O+ half-cell is observed to be the anode, and the measured cell voltage is ξ∆ =0.397V.  

H3O+(aq) + e- → 1/2H2(g) + H2O(l)  oξ∆ = 0.00V 

Ag+(aq) + e- → Ag(s)   oξ∆ = 0.800V 

Calculate the silver ion concentration in the cell and the Ksp of AgCl at 25℃ 

 

Answers)  

+2 for 0ε∆  

+2 for Q 

+2 for ε∆  

+1 for n 

+1 for [Ag+] 

+1 for [Ag+][Cl-]=Ksp 

+1 for correct Ksp 

 

Answers) 

The half-cell reactions are 

2 2 3H (g)+2H O( ) 2H O ( ) 2aq e+ −→ +  (anode) 

2Ag ( ) 2 2Ag( )aq e s+ −+ →   (cathode) 

(cathode) (anode) 0.800 0.000V 0.800Vε ε ε∆ = − = − =    

Note that n=2 for the overall cell reaction, and the reaction quotient simplifies 

2

2
3
+ 2 + 2

H

[H O ] 1Q=
[Ag ] [Ag ]P

+

=  

Because +
3[H O ] 1M=  and 

2H 1atmP = . The Nernst equation is 

10
0.0592V log Q

n
ε ε∆ = ∆ −  

10
2log ( ) (0.800 0.397V)=13.6

0.0592V 0.0592V
nQ ε ε= ∆ −∆ = −  

13.6 13 + 2Q=10 4 10 1/[Ag ]= × =  

This can be solved for the silver ion concentration [Ag ]+  to give 
7[Ag ] 1.6 10 M+ −= ×  

so that 
7 3[Ag ][Cl ] (1.6 10 )(1.00 10 )+ − − −= × ×  

10
sp 1.6 10K −= ×  
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[8] (15 points total) The following reactions proceed spontaneously to the right under standard condition 

with the given electrochemical cell voltages (potentials). 

Zn(s)   +   Cu2+ (aq) Zn2+(aq)   +   Cu (s) Eo= 1.103V

Zn(s)   +   2Ag+ (aq) Zn2+(aq)   +   2Ag (s) Eo= 1.563V

Zn(s)   +   2Cu+ (aq) Zn2+(aq)   +   2Cu (s) Eo= 1.285V
 

 

For the following red-ox reaction; 

Cu+(aq)   +   Ag+ (aq) Cu2+(aq)   +   Ag (s)
 

 

+5 for each correct answers 

 

a) (5 points) Which direction will the reaction proceed spontaneously? 

Answers)  

  

Zn(s) + 2Ag+ →←  Zn2+(aq) + 2Ag(s)  △Go=-2F×1.563V 

+ Zn(s) + 2Cu+ →←  Zn2+(aq) + 2Cu(s)  △Go=-2F×1.285V 

- 2Zn(s) + 2Cu2+ →←  2Zn2+(aq) + 2Cu(s) △Go=-4F×1.103V 

2Ag+(aq) + 2Cu+(aq) →←  2Ag(s) + 2Cu2+(aq) △Go=-1.284V×F 

Therefore △Go<0, the reaction proceed right. 

 

 

b) (5 points) If one makes an electrochemical cell using this reaction, what will be the cell voltage 

under standard condition? 

Answers)  

△Go = -nF△Eo = -2F△Eo = -1.284F  

△Eo = 0.642V 

 

c) (5 points) When reduction potential of Ag+ is 0.800V, what is the reduction potential of the 

following reaction? 

Cu2+(aq)  +  e- Cu+(aq)
 

 Answers)  

   Ag+(aq) + Cu+(aq) → Ag(s) + Cu2+(aq)  △Eo = 0.642V 

- Ag+ + e- → Ag(s)    △Eo = 0.800V 

 Cu+(aq) → Cu2+(aq) + e-    △Eo = -0.158V 

Therefore Cu2+(aq) + e- → Cu+(aq) △Eo = +0.158V 
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