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2016 FALL Semester Midterm Examination 
For General Chemistry II (CH103) 

 
Date: October 26 (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 /9 6 /11  

 

 

/100 

 

2 /11 7 /18 

3 /6 8 /10 

4 /9 9 /4 

5 /8 10 /14 
 
** This paper consists of 13 sheets with 10 problems (pages 11: fundamental constants, page 12: periodic table, 
page 13: 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 31 (Mon, 7:00 ~ 8:00 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: November 2 (Wed) – November 4 (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. 
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1. (total 9 points) A buffer solution with a pH of 12.0 consists of Na3PO4 and Na2HPO4. The volume 

of solution is 200.0 mL. (H3PO4, Ka1 = 7.5×10-3, Ka2 = 6.2×10-8, Ka3 = 4.8×10-13) 

(a) Which component of the buffer is present as a major species? 

(Answer) 
 
 
 
 
 
 

(b) If the concentration of Na3PO4 is 0.400 M, what mass of Na2HPO4 is present? 

(Answer) 
 
 
 
 
 
 
 
 

(c) Which component of the buffer must be added to change the pH to 12.25? What mass of that 

component is required? 

(Answer) 
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2. (total 11 points) Living organisms use a huge repertoire of organic acid in their metabolism. Malic 

acid is an example of them, which contribute to the pleasantly sour taste of fruits and whose anion, 

malate anion is involved in the citric acid cycle. The acid dissociation constants of malic acid are pKa1 

= 3.40 and pKa2 = 5.20. 

      
(a) Calculate the pH of a 0.1 M malic acid solution. Assume that the pH is mainly determined by 1st 

acid dissociation reaction. 

(Answer) 
 

 

 

 

 

(b) Figure out the concentration of malate anion, in (a) solution. 

(Answer) 
 

 

 

 

 

(c) There are two closely related dicarboxylic acids; tartaric acid and succinic acid, as below. 

Predict the order of the acid strength for the malic acid, succinic acid, and tartaric acid, and explain 

the reason briefly. (It’s okay to only consider the pKa1, the 1st acid dissociation constant for the acids.) 

     
     Tartaric acid                Succinic acid 

(Answer) 
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3. (6 points) Water containing Ca2+ and Mg2+ ions is called hard water and is unsuitable for some 

household and industrial use because these ions react with soap to form insoluble salts. One way to 

remove the Ca2+ ions from hard water is by adding washing soda (Na2CO3). The molar solubility of 

CaCO3 is 9.3×10-5 M. What is its molar solubility in a 0.050 M Na2CO3 solution? 

(Answer) 
 

 

 

 

 

 

 

 

4. (total 9 points) 

(a) Calculate the molar solubility of FeS(s) in a pH 4.5 buffer saturated with H2S. [H2S] is fixed at 0.15 

M. The acid dissociation constant for H2S is Ka(H2S) = 9.1×10-8, and equilibrium constant for FeS 

dissolution is 5×10-19. 

FeS(s) + H2O(l)            Fe2+(aq) + HS-(aq) + OH-(aq),  K = 5×10-19 

(Answer) 
 

 

 

 

 

 

(b) Calculate the Ksp of CaF2(s) (The gram solubility for CaF2 (s) is 0.016 g/L in this case, and the 

molar mass of CaF2 is 78.07 g/mol). 

(Answer) 
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5. (total 8 points) The reaction between hydrogen and iodine is a complex reaction 

 
   Kinetics experiments show that the reaction is first order with respect to H2 and first order with 

respect to I2. The following mechanism has been proposed. 

 
   Where each step is an elementary reaction. Reaction 3 is the rate-determining step and both 

reactions 1 and 2 form pre-equilibria. 

 

(a) Assuming reaction 1 is at equilibrium, obtain an expression of [I] in terms of [I2] and the rate 

constants k1 and k-1. 

(Answer) 
 

 

 

 

 

 

 

(b) Write down the rate equation on the basis of reaction mechanism. 

(Answer) 
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6. (total 11 points) 
 

Br + H2      HBr + H 
 

forms a key step in the mechanism for the chain reaction between H2 and Br2. Given the following 
information: 

k(700 K) = 1.29 × 10-16 cm3 molecule-1 s-1 
k(800 K) = 6.74 × 10-16 cm3 molecule-1 s-1 
D(H-H) = 104 kcal,   D(H-Br) = 88 kcal  
(Take these values as the temperature independent enthalpies of the diatomic molecule. 
R= 1.9827 cal K-1 mol-1; 1 cal = 4.184 J) 

 
(a) Find the frequency factor (or pre-exponential factor) A for this reaction in cm3 molecule-1 s-1 
(Answer) 
 
 
 
 
 
 
 
 
 
(b) Determine the activation energy Ea′ for the reverse reaction.  
(Answer) 
 
 
 
 
 
 
(c) Find the amount of decrease in Ea necessary to make the rate constant of the forward reaction 
1015 times faster at 100 K. Assume that pre-exponential factors and activation energies are 
temperature independent and the reaction is always in gas phase. Can one hope to find a catalyst to 
achieve this for the above reaction?  
(Answer) 
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7. (total 18 points) The enzyme mechanism might occur is: 
1 2

1
 E S    ES  E P 

k k
k−

→+ → +←   

In which E represent the free enzyme, S is the substrate, ES represent the complex formed, and P is 
the final product. 

(a) Write the rate equation governing the formation of product, i.e. [P] ?d
dt

= . 

(Answer) 
 

 

 

 

 

(b) Write the rate equation for governing the formation ES, i.e. [ES] ?d
dt

= .  

(Answer) 
 

 

 

 

 

 

 

(c) The concentration of [ES] reaches a steady state when the rate of formation equals the rate of 

decay of ES. Under steady-state condition, [ES] 0d
dt

= . In this steady-state condition, find the 

equation for [ES]. 

(Answer) 
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(d) 𝐾𝐾𝑚𝑚 is defined as 𝐾𝐾𝑚𝑚=𝑘𝑘−1+𝑘𝑘2
𝑘𝑘1

 and 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 is the maximum rate at the saturating concentration of 

[S]. Write [P]d
dt

 as a function of 𝐾𝐾𝑚𝑚, 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚, and [S]. 

(Answer) 
 

 

 

 

 

 

(e) At what concentration of S (expressed as a multiple of 𝐾𝐾𝑚𝑚) will rate= 0.9 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚? 

(Answer) 
 

 

 

 

 

 

(f) Calculate 𝐾𝐾𝑚𝑚 and 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 from the following data. 

[S] (µM) Rate (mM · s-1) 

0.1 0.34 

0.2 0.53 

0.4 0.74 

0.8 0.91 

1.6 1.04 

 
(Answer) 
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8. (total 10 points) 

(a) The line positions of the fourth, fifth, and sixth lines of the pure rotational microwave spectrum of 

HCI are 𝑣𝑣4��� = 83.03𝑐𝑐𝑐𝑐−1 , 𝑣𝑣5��� = 103.8 cm−1, and 𝑣𝑣6��� = 124.3 𝑐𝑐𝑐𝑐−1. 

Calculate the equilibrium bond length of the HCI molecule. 

(Answer) 
 

 

 

 

 

 

 

(b) The C-H bonds in 𝐶𝐶𝐶𝐶3 and 𝐶𝐶𝐶𝐶2 groups stretch at frequencies near 2900 𝑐𝑐𝑐𝑐−1 in the infrared 

(IR) spectrum. Calculate the vibration frequency if hydrogen atoms were replaced by deuterium. 

(Answer) 
 

 

 

 

 

 

 

9. (4 points) Fundamental vibration wavenumbers of 1H35Cl and 2H37Cl are  and  

respectively. Calculate  on the assumption that their force constants are same. Note that the 

atomic masses of 1H and 35Cl are 1.000 and 35.00 amu respectively. 

(Answer) 
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10. (Total 14 points) Determine whether the following statements are True or False. 

(a) Phenol is more acidic than cyclohexanol. 

(Answer) 
 

 

(b) Selection rule for rotational spectroscopy is ∆J = ±1, and that for Raman spectroscopy is ∆J =

±2. 

(Answer) 
 

 

(c) In a quantized harmonic oscillator, the energy of the ground state is zero. 

(Answer) 
 

 

(d) 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) 
 

 

(e) Absorption of ultraviolet lights in 1,3-butadiene occurs at longer wavelength than in ethylene. 

(Answer) 
 

 

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

to an n to π* transition. 

(Answer) 
 

 

(g) Phosphorescence generally occurs more slowly than fluorescence. 

(Answer) 
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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 
Accepted?  Yes(√) or No(√) 

Yes: □ No: □ 
Pts (+/-) Reasons 
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<The Answers> 

Problem points Problem points TOTAL pts 

1 2+3+4/9 6 4+3+4/11  

 

 

/100 

 

2 4+4+3/11 7 1+3+3+4+3+4/
18 

3 /6 8 6+4/10 

4 6+3/9 9 /4 

5 3+5/8 10 2x7/14 
 

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 9 points) 
(a) (2 pts) pKa1 = 2.2, pKa2 = 7.2, pKa3 = 12.3 

pH 12 is a bit less than 12.3, so the major component is [HPO4
2-] and then [PO4

3-] 

answer: [HPO4
2-] 

 

(b) (3 pts) pH = pKa −  log [𝐻𝐻𝐻𝐻𝐻𝐻4]
[𝑃𝑃𝑃𝑃4]

,   12.0 = 12.3 −  log 𝑥𝑥
0.400

,  x = 0.798 M.  

     Mass of Na2HPO4 = 0.798 mol/Lⅹ141.96 g/molⅹ0.2 L = 22.7 g 

 

(c) (4 pts) To increase the pH, the basic part, [PO4
3-] should be added. 

      12.25 = 12.3 −  log 0.798
𝑥𝑥

 ,   x = 0.711 M. 

Additional mass of Na3PO4 = (0.711-0.400) mol/Lⅹ163.94 g/molⅹ0.2 L = 10.2 g 

 

2. (total 11 points) 
(a) (4 pts) 

H
2
A

malate 
(aq) + H2O (l)  ⇄   H3O

+
(aq) + H A

-

malate
 (aq),      K

a1 
= 10-3.40 = 3.98×10

-4 
 

HA
-

malate
 (aq) + H2O (l)  ⇄   H3O

+
 (aq) + A

-2

malate
 (aq),      K

a2 
= 10-5.20 = 6.31×10

-6 

 
pH is mainly determined by the first acid dissociation reaction. (assumption) 

H
2
A

sc
(aq) + H2O (l)  ⇄  H3O

+
(aq) + HA

sc

-
(aq)  

Starting           0.1                   0       0  
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Change            -x                  +x      +x  
Equilibrium      0.1 - x                  x       x  
 

K
a1 

= 
[𝐇𝐇𝟑𝟑𝐎𝐎+][𝐇𝐇𝐀𝐀𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦

− ]
[𝐇𝐇𝟐𝟐𝐀𝐀𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦]

 = 
𝒙𝒙𝟐𝟐

𝟎𝟎.𝟏𝟏−𝒙𝒙
 = 3.98×10

-4
 

Assuming x to be much smaller than 0.1 ⇒ 0.1 - x ≈ 0.1 

⇒ x
2
/0.1 = 3.98×10

-4 

⇒ x = 6.31×10
-3

 

⇒ pH = -log[H3O
+
] = -log[6.31×10

-3
] = 2.20 

 
(b) (4 pts) 

HA
-

malate
 (aq) + H2O (l)  ⇄   H3O

+
 (aq) +  A

-2

malate
 (aq)

 

Starting             6.31×10
-3
                6.31×10

-3
     0  

Change               -y                        +y       +y  
Equilibrium        6.31×10

-3
- y               6.31×10

-3
+y   y  

 

K
a2 

= 
[𝐇𝐇𝟑𝟑𝐎𝐎+][𝐀𝐀𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦

𝟐𝟐− ]
[𝐇𝐇𝐀𝐀𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦

− ]
 = 

(𝟔𝟔.𝟑𝟑𝟑𝟑×𝟏𝟏𝟏𝟏−𝟑𝟑+𝒚𝒚)𝒚𝒚
𝟔𝟔.𝟑𝟑𝟑𝟑×𝟏𝟏𝟏𝟏−𝟑𝟑−𝒚𝒚

 = 6.31×10
-6

 

 
≈ 6.31×10

-3
y/6.31×10

-3
 = 6.31×10

-6
 (Assume that y is much smaller than 0.0028) 

⇒ y = [A
-2

malate
] = 6.31×10

-6 

 

(c) (3 pts) 
 Tartaric acid > Malic acid > Succinic acid 
 Due to electronegativity effect from the –OH group. 
 

 
3. (6 points)  Ksp 3 pts, S 3 pts 
Molar solubility of CaCO3 is S 

 

 

                                                      S = 1.73ⅹ10-7 

Answer: molar solubility is 1.73ⅹ10-7 
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4. (total 9 points) 
(a) (6 pts)  [HS-] 3 pts, [Fe2+] 3 pts 

pH = 4.5,  [H30+] = 1ⅹ10-4.5 = 3.2 x10-5 

          [OH-] = 3.1ⅹ10-10 (fixed) 

         H2S(aq) + H2O(l)             H3O+(aq) + HS-(aq) 

         𝑲𝑲𝐚𝐚 = [𝐇𝐇𝟑𝟑𝐎𝐎+][[𝐇𝐇𝑺𝑺−]
[𝐇𝐇𝟐𝟐𝐒𝐒]

 =  𝟑𝟑.𝟐𝟐×𝟏𝟏𝟏𝟏−𝟓𝟓×[𝐇𝐇𝐒𝐒−]
𝟎𝟎.𝟏𝟏𝟏𝟏

 = 9.1ⅹ10-8 

⇒ [HS-] = 4.3ⅹ10-4 

FeS(s) + H2O(l)            Fe2+(aq) + HS-(aq) + OH-(aq), K = 5ⅹ10-19 

𝑲𝑲 = �𝐅𝐅𝐞𝐞𝟐𝟐+�[𝐇𝐇𝐒𝐒−][𝐎𝐎𝐇𝐇−] =  𝟓𝟓 × 𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏 

               [𝐅𝐅𝐞𝐞𝟐𝟐+] =  𝑲𝑲
[𝐎𝐎𝐇𝐇−][𝐇𝐇𝐒𝐒−]

=  𝟓𝟓×𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏

(𝟑𝟑.𝟏𝟏×𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏)(𝟒𝟒.𝟑𝟑×𝟏𝟏𝟏𝟏−𝟒𝟒)
 = 3.8ⅹ10-6M 

 

(b) (3 pts) 

 CaF2(s)              Ca2+(aq) + 2F-(aq) 

           Initial                               0        0        

           Reaction                           +S      +2S       

           Equilibrium                         +S      +2S  

                           S (Molar solubility) = 
𝟎𝟎.𝟎𝟎𝟎𝟎𝟔𝟔𝟔𝟔/𝐋𝐋

𝟕𝟕𝟕𝟕.𝟎𝟎𝟎𝟎𝟎𝟎/𝐦𝐦𝐦𝐦𝐦𝐦
= 2.0x10-4 mol/L 

                           Ksp = [Ca2+] [F-]2 = S(2S)2 = 4S3  

                              = 4∙(2.0x10-4)3 = 3.2x10-11 

 
 
5. (total 8 points) 
(a) (3 pts) 

At equilibrium, k1[I2] = k-1[I]2        [I] =  �𝑘𝑘1[I2]
𝑘𝑘−1

             

(b) (5 pts) [H2I] 2 pts, rate 3 pts 

 similar to (a), from reaction 2, [H2I] =  𝑘𝑘2
𝑘𝑘−2

[H2][I] 

 

      Thus, rate = k3[H2I][I] =  
 



17 

 

 

6. (total 11 points) 
(a) (4 pts) 

k = A exp(-Ea/RT) 
ln(k1/k2) = Ea/R x (1/T2 – 1/T1) 
Ea = R(ln k1 – ln k2) / (1/T2 – 1/T1) 
   = (1.9827 calK-1mol-1)(-1.6534)/(-1.7857x10-4 K-1) 
   = 18.35 kcalmol-1 

  A = k exp(Ea/RT) = (6.74x10-16 cm3 molecule-1 s-1) x exp(18.35/(1.9827x800)) 
    = 7.2 x 10-11 cm3 molecule-1 s-1 
 
(b) (3 pts) 

 ∆HR = 104 – 88 = 16 kcalmol-1 
   Ea (reverse) = 18.35 – 16 = 2.4 kcalmol-1 
 
(c) (4 pts) calculation 3 pts, statement 1 pt 

k’/k = A/A exp[(Ea – Ea’) / RT] = 1015 
   Ea – Ea’ = (RT) ln (1015) = (1.9827x100) (15) (2.303) = 6.85 kcalmol-1 

 
No, it is not possible. The reduction of Ea (6.8 kcalmol-1)is larger than the activation 

energy for the reverse reaction (2.4 kcalmol-1). 
 

 
 
7. (total 18 points) 
(a) (1 pts)  

d[P]/dt = k2[ES] 

 

(b) (3 pts) 

d[ES]/dt = (k1[E][S]) –(k–1[ES] + k2[ES]) = k1[E][S] – k–1[ES] – k2[ES] 

 

(c) (3 pts) 

Since k1[E][S]=k–1[ES] + k2[ES] , k1[E][S]= ( k–1+ k2)[ES].  

Therefore, [ES] = k1[E][S]/( k–1+ k2) 

 



18 

 

(d) (4 pts) 

 𝑑𝑑[𝐸𝐸𝐸𝐸]
𝑑𝑑𝑑𝑑

 = 0 =𝑘𝑘1[E] [s] - 𝑘𝑘−1[ES] - 𝑘𝑘2[ES]  

[𝐸𝐸𝑇𝑇] = [E] + [ES] 
𝑑𝑑[𝐸𝐸𝐸𝐸]

𝑑𝑑𝑑𝑑
 = 0 = 𝑘𝑘1 [𝐸𝐸𝑇𝑇] [S] -𝑘𝑘1 [ES] [S] - 𝑘𝑘−1 [ES] - 𝑘𝑘2 [ES]  

[𝐸𝐸𝐸𝐸] =  
𝑘𝑘1[𝐸𝐸𝑇𝑇][𝑆𝑆]

(𝑘𝑘−1 + 𝑘𝑘2) + 𝑘𝑘1[𝑠𝑠] 

𝐾𝐾𝑚𝑚 = 𝑘𝑘−1 + 𝑘𝑘2
𝑘𝑘1

 

[ES] = [𝐸𝐸𝑇𝑇][𝑆𝑆]
𝐾𝐾𝑚𝑚+[𝑆𝑆]

 

       𝑑𝑑[𝑃𝑃]
𝑑𝑑𝑑𝑑

 = 𝑘𝑘2[ES] = 𝑘𝑘2[𝐸𝐸𝑇𝑇][𝑆𝑆]
𝐾𝐾𝑚𝑚+[𝑆𝑆]  

      Taking the limit in which [S]≫ 𝐾𝐾𝑚𝑚  𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑘𝑘2 [𝐸𝐸𝑇𝑇] 
      𝑑𝑑[𝑃𝑃]

𝑑𝑑𝑑𝑑
 = 𝑘𝑘2[ES] = 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚[𝑆𝑆]

𝐾𝐾𝑚𝑚+[𝑆𝑆] 
  
(e) (3 pts) 

Rate = 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚[𝑆𝑆]
𝐾𝐾𝑚𝑚+[𝑆𝑆]  

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚

 = [𝑆𝑆]
𝐾𝐾𝑚𝑚+[𝑆𝑆]

 

0.9 =  
[𝑆𝑆]

𝐾𝐾𝑚𝑚 + [𝑆𝑆]
 

[S] = 0.9𝐾𝐾𝑚𝑚 + 0.9[S] 
0.1[S] = 0.9 𝐾𝐾𝑚𝑚  

∴ [S] = 0.9
0.1

 𝐾𝐾𝑚𝑚 = 9𝐾𝐾𝑚𝑚 
 
(f) (4 pts) 

 
 1

𝑑𝑑[𝑃𝑃]/𝑑𝑑𝑑𝑑
 = [ 𝐾𝐾𝑚𝑚

𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚
] [ 1

[𝑆𝑆]
] + 1

𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚
  

 
𝐾𝐾𝑚𝑚 = -1

𝒳𝒳
 intercept = −1

−4𝜇𝜇𝜇𝜇−1 = 0.25µM 

𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 = 1
𝑦𝑦
 intercept = 1

0.8𝑚𝑚𝑚𝑚−1𝑠𝑠
 = 1.25mM 𝑠𝑠−1 

y-intercept = 

1/Vmax

0

0.5

1

1.5

2

-6 -4 -2 0 2 4 6

1/(𝑑𝑑[𝑃𝑃]/𝑑𝑑𝑡𝑡)

1/[S]
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8. (total 10 points) 
(a) (6 pts) 𝑣𝑣5��� - 𝑣𝑣4��� = 20.8 𝑐𝑐𝑐𝑐−1    𝑣𝑣6��� - 𝑣𝑣5��� = 20.5𝑐𝑐𝑐𝑐−1 

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 1
2
 (20.8 + 20.5) = 20.65 

2𝐵𝐵�  = 20.65                  𝐵𝐵�  = 10.32 𝑐𝑐𝑐𝑐−1 
 

I = µr2 = ℎ
8𝜋𝜋2𝐶𝐶𝐵𝐵�

                 r = � ℎ
8𝜋𝜋2𝐶𝐶𝐵𝐵�𝜇𝜇

 

µ =  𝑚𝑚𝐻𝐻𝑚𝑚𝐶𝐶𝐶𝐶
𝑚𝑚𝐻𝐻+ 𝑚𝑚𝐶𝐶𝐶𝐶

 = (1.008)(35.0)
1.008+35.0

 amu ( 1𝑔𝑔
6.0221×1023𝑎𝑎𝑎𝑎𝑎𝑎

) ( 1𝐾𝐾𝐾𝐾
1000𝑔𝑔

) 
= 1.627 × 10−27 kg 
 

r = [ 6.6261×10−34Js
(8π2) (2.997×108ms−1) (10.32×102m−1)(1.624×10−27kg)

] 
1
2 

= 1.291 × 10−10 𝑚𝑚 = 1.291 Angstrom 
 

(b) (4 pts) v = 1
2𝜋𝜋 �𝑘𝑘

𝜇𝜇
 

µ𝐶𝐶−𝐷𝐷 = 𝑚𝑚𝑐𝑐𝑚𝑚𝐷𝐷
𝑚𝑚𝑐𝑐+𝑚𝑚𝐷𝐷

 = 12×2
12+2

 = 1.714 atomic mass unit 

𝜇𝜇𝐶𝐶−𝐻𝐻 = 𝑚𝑚𝐶𝐶𝑚𝑚𝐻𝐻
𝑚𝑚𝐶𝐶+ 𝑚𝑚𝐻𝐻

 = 12×1
12+1

 = 0.923 atomic mass unit 

𝑣𝑣𝐶𝐶−𝐷𝐷 = �
𝜇𝜇𝐻𝐻
𝜇𝜇𝐷𝐷

 x 𝑣𝑣𝐶𝐶−𝐻𝐻 = �0.923
1.714

 (2900 𝑐𝑐𝑐𝑐−1) = 2130 𝑐𝑐𝑐𝑐−1 

 

 

9. (4 points) 

Ans. Since 1ν
µ

∝ , 
1 35 2 35

2 35 1 35

H Cl H Cl

H Cl H Cl

2.000 37.00
2.000 37.00 1.952 1.3971.000 35.00
1.000 35.00

ν µ
ν µ

×
+= = = =
×
+

 

 

 

10. (Total 14 points) each 2 pts 

(a) T, due to the resonance stabilization of the conjugated base 

(b) F, ∆𝐉𝐉 = ±𝟐𝟐, 𝟎𝟎 

(c) F, 𝟏𝟏
𝟐𝟐

𝒉𝒉𝒉𝒉 

(d) F, The weaker C-C bond gives the lower vibrational frequency. 

(e) T 

(f) F, attributed to pi to pi* transition 

(g) T 

 










































