2016 FALL Semester Midterm Examination
For General Chemistry 11 (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.

Prlgfessor Class Student I.D. Number Name

ame

Problem points Problem points TOTAL pts
1 19 6 /11
2 /11 7 /18
3 16 8 /10
4 /9 9 /4 /100
3) /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.
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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.



1. (total 9 points) A buffer solution with a pH of 12.0 consists of NasPO4 and Na;HPO4. The volume
of solution is 200.0 mL. (H3sPO4, Ka1 = 7.5x107%3, Ka2 = 6.2x108, Kag = 4.8x1013)

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

(Answer)

(b) If the concentration of NazPO4 is 0.400 M, what mass of Na,HPO, 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)




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 pKaz
= 3.40 and pKa2 = 5.20.

L f\/ﬁro‘
HOJ\)\H/OH 0 T
O
Malic acid Malate anion

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

acid dissociation reaction.

(Answer)

(b) Eigure 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 pKai, the 1% acid dissociation constant for the acids.)

OH O O

HO HO
OH OH

O OH o

Tartaric acid Succinic acid

(Answer)



3. (6 points) Water containing Ca?" and Mg?* 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 Ca?* ions from hard water is by adding washing soda (Na.CO3s). The molar solubility of
CaCOg3 is 9.3x10° M. What is its molar solubility in a 0.050 M Na,COj3 solution?

(Answer)

4. (total 9 points)

(a) Calculate the molar solubility of FeS(s) in a pH 4.5 buffer saturated with H;S. [H2S] is fixed at 0.15
M. The acid dissociation constant for H,S is Ka(H2S) = 9.1x10%, and equilibrium constant for FeS
dissolution is 5x107%°,

FeS(s) + H2O() <——* Fe*(aq) + HS'(aq) + OH(ag), K=5x10"°

(Answer)

(b) Calculate the Ks, of CaF;(s) (The gram solubility for CaF: (s) is 0.016 g/L in this case, and the
molar mass of CaF: is 78.07 g/mol).

(Answer)



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 H, and first order with

respect to |.. 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 [l.] and the rate
constants ki and k1.

(Answer)

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

(Answer)



6. (total 11 points)
‘[\,
Br+H» — HBr+H

forms a key step in the mechanism for the chain reaction between H, and Brz. Given the following
information:
k(700 K) = 1.29 x 10-16 cm3 molecule-1 s-1
k(800 K) = 6.74 x 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*mol?; 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 Eg' for the reverse reaction.
(Answer)

(c) Eind the amount of decrease in E, necessary to make the rate constant of the forward reaction
10" 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)




7. (total 18 points) The enzyme mechanism might occur is:
E+S _ %~ ES % E+p

«— k_1

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

(a) Write the rate equation governing the formation of product, i.e. o

(Answer)

. . . . . E
(b) Write the rate equation for governing the formation ES, i.e. M =7.

(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, %zo. In this steady-state condition, find the

equation for [ES].

(Answer)



(d) is defined as =" 2 3nd is the maximum rate at the saturating concentration of

d[P]

[S]. Write e as a function of , , and [S].
(Answer)
(e) At what concentration of S (expressed as a multiple of ) will rate= 0.9 ?
(Answer)
(f) Calculate and from the following data.
[S] (UM) Rate (mM - s?)
0.1 0.34
0.2 0.53
0.4 0.74
0.8 0.91
1.6 1.04

(Answer)



8. (total 10 points)
(a) The line positions of the fourth, fifth, and sixth lines of the pure rotational microwave spectrum of
HClare ,=8303 !, 5=103.8 cm % and ¢4 =1243 1

Calculate the equilibrium bond length of the HCI molecule.

(Answer)

(b) The C-Hbondsin 3 and , groups stretch at frequencies near 2900  ~ in the infrared

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

(Answer)
9. (4 points) Fundamental vibration wavenumbers of *H3*Cl| and ?H%*'CI are and
respectively. Calculate on the assumption that their force constants are same. Note that the

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

(Answer)



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 A] = +1, and that for Raman spectroscopy is A] =
+2.

(Answer)

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

(Answer)

(d) If an electron in the 1 orbital of C,H. is excited by a photon to the m* 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 m* transition.

(Answer)

(g) Phosphorescence generally occurs more slowly than fluorescence.

(Answer)
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Physical Constants

Avogadro’s number N, = 6.0221417% % 10" mol !
Bohr radius a; = 0.52917720859 A = 5.2917720859 x 10 "' m
Boltzmann's constant kg = 1.3806504 x 10 ¥ JK '
Electron charge e = 1.602176487 x 10" C
Faraday constant F = 96,485,3399 C mol '
Masses of fundamental particles:
Electron m, = 9.10938215 % 10 "' kg
Proton m, = 1.672621637 x 10 ¥ kg
Neutron m,, = 1.674927211 x 10 ¥ kg
Permittivity of vacuum € = 8854187817 x 10 C?) "'m '
Planck’s constant h = 6.62606896 x 10 * s
Ratio of proton mass to electron mass myim, = 1836.15267247
Speed of light in a vacuum ¢ = 2.99792458 x 10° m s ' (exactly)
Standard acceleration of terrestrial gravity g = 9.80665 m s * (exactly)
Universal gas constant R =8314472 Jmol "K'

= 0.0820574 L atm mol 'K '

Values are taken from the 2006 CODATA recommended values,
as listed by the National Institute of Standards and Technology.

Conversion Factors
Angstrom 1 A=10"m
Atomic mass unit 1u = 1.660538782 x 10 “" kg
1u=1.492417830 x 10 ') = 931.494028 MeV (energy equivalent from £ = mc’)

Calorie 1 cal = 4.184 ) (exactly)
Electron volt 1eV = 1602177 x 10 "]

= 96.485335 kJ mol
Foot 1ft = 12in = 03048 m (exactly)
Gallon (U.S.) 1 gallon = 4 quarts = 3.785412 L (exactly)
Liter TL=10"m ? = 107 em’ (exactly)
Liter-atmosphere 1 Latm = 101.325 J (exactly)
Metric ton 1t = 1000 kg (exactly)
Pound 11b = 16 0z 0.4539237 kg (exactly)
Rydberg 1Ry = 2.17987197 x 10 ¥}

= 1312.7136 kJ mol

= 13.60569193 eV
Standard atmosphere 1 atm = 1.01325 x 10°Pa

= 1.01325 < 10°kgm 's 7 (exactly)
Torr 1torr = 133.3224 Pa
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<The Answers>

Problem points Problem points TOTAL pts
1 2+3+4/9 6 4+3+4/11
2 4+4+3/11 7 1+3+3+4+3+1‘g
3 16 8 6+4/10
/100
4 6+3/9 9 14
S 3+5/8 10 2X7/14

A 7|18 HHaPE2 Hal

=~
A2 ME MX|

1. (total 9 points)

(@) (2 pts) pKar = 2.2, pKaz = 7.2, pKaz = 12.3
pH 12 is a bit less than 12.3, so the major component is [HPO,%] and then [PO4*]

answer: [HPO,%]

(b) (3 pts) pH = pKa — IOgﬁ,

f
XoLt HjapPgol ¢zt EX

g (82 2Ho

—

=

rz o

EOILL unit O] S2|H -1

12.0 =123 — logm,

Mass of Na;HPO,4 = 0.798 mol/L  141.96 g/mol

X =0.798 M.

02L=227g

(c) (4 pts) To increase the pH, the basic part, [PO.*] should be added.

9798 % =0.711 M.

12.25 = 12.3 — log 22

Additional mass of NazPO4 = (0.711-0.400) mol/L  163.94 g/mol

2. (total 11 points)

(a) (4 pts)

H A (aq) + H20 (1)

2" malate

HA (aqg) + H20 (I

malate

HsO'(ag) + H A
Hs0 (aq) + A*

malate

malate

02L=10.2g

2 | -1 (3pts), -2 (4 pts O] 4

K, =10%40= 3.08x10"

K =105 =6.31x10"
a2

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

Starting

HZASC(aq) + H,0 (I)

0.1

Hs0 (aq) + HA_(aq)
0 0

14




Change -X +X +X
Equilibrium 0.1-x X X

K = = = 3.98x10"

Assuming x to be much smaller than 0.1 0.1-x=0.1
x10.1 = 3.98x10
x = 6.31x10"
pH = -log[H30 ] = -log[6.31x10 ] = 2.20

(b) (4 pts)

HA_maIate (aq) + HZO (I) H30+ (aq) + A_zmalate (aq)
Starting 6.31x10" 6.31x10° 0
Change -y +y +y
Equilibrium 6.31x10 -y 6.31x10 +y vy

= = — -~ = 6.31x10"

~ 6.31x10 y/6.31x10" = 6.31x10" (Assume that y is much smaller than 0.0028)
y=[A°  1=6.31x10"

malate

(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 CaCO3z is S

S=173 107

Answer: molar solubility is 1.73 10”7
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4. (total 9 points)
(@) (6 pts) [HS] 3 pts, [Fe?'] 3 pts

pH=45, [H301=1 10%5=3.2x10°
[OH]=3.1 107 (fixed)
H.S(ag) + H20() «—  HsO*(aq) + HS(aq)
_ [+][[] B R SRR | W P

[HS]=4.3 10*

FeS(s) + H.O() <« Fe*(aq) + HS(ag) + OH(aqg), K=5 10%°

+1 _ _ X B ©
R D
(b) (3 pts)
CaFy(s) < * Ca*(aq)+2F(aq)

Initial 0 0

Reaction +S +2S

Equilibrium +S +2S

/

S (Molar solubility) = ——— = 2.0x10*mol/L

/
Ksp = [Ca*] [F]? = S(2S)2= 4S°
= 4-(2.0x10)%= 3.2x10™

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

At equilibrium, ki[l2] = k4[] [ = 1ll2]

(b) (5 pts) [H2l] 2 pts, rate 3 pts

similar to (a), from reaction 2, [H,I] = TZZ[HZ][I]

Thus, rate = ks[HaI[I]= —

16



6. (total 11 points)
(a) (4 pts)
k = A exp(-Ea/RT)
In(k1/k2) = Ea/R X (L/T2 — 1/T})
Ea=R(Inky —Ink2) / (1/T2 — 1/Ty)
= (1.9827 calK*molL)(-1.6534)/(-1.7857x10% K)
= 18.35 kcalmol*
A =k exp(Ea/RT) = (6.74x10%® cm®molecule™ st) x exp(18.35/(1.9827x800))
=7.2x 101 cm3moleculed s

(b) (3 pts)
AHRr = 104 — 88 = 16 kcalmol*
Ea (reverse) = 18.35 — 16 = 2.4 kcalmol?

(c) (4 pts) calculation 3 pts, statement 1 pt
k'/k = AIA exp[(Ea — Ea') / RT] = 10*°
Ea — Ea’ = (RT) In (10%) = (1.9827x100) (15) (2.303) = 6.85 kcalmol2

No, it is not possible. The reduction of E, (6.8 kcalmol?)is larger than the activation

energy for the reverse reaction (2.4 kcalmol).

7. (total 18 points)

(@) (1 pts)
d[P]/dt = k2[ES]

(b) (3 pts)
d[ES)/dt = (K1[E][S]) ~(K1[ES] + k2[ES]) = ki [E][S] - k1 [ES] — k2[ES]

(c) (3 pts)
Since k1[E][S]=ku[ES] + k2[ES] , k1[E][S]= ( k-1+ k2)[ES].
Therefore, [ES] = k1[E][S)/( k-1 + k2)
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(d) (4 pts)

L1 -0=[E][s]- _4[ES]- -[ES]

]

> [ES]

[ ]]= [E] + [ES]
— =0= 4 [ ][S]- 1 [ES][S]- -1[ES]-
[ il 1]
(2t 20+ 4[]
- -1t 2
L0
o o [ q[]
= gfES]=
Taking the limit in which [S] = o0
g - _ 1
2[ES] T
(e) (3 pts)
-1
Rate = ]
o _ 1
il
09 =
+[]
[S]=0.9 + 0.9[S]
0.1[S]=0.9
— 0'9 —
[S]= 33 =9
(f) (4 pts)
2
Ly )
15
%
. y-intercept =
T8 1V
o 0
6 -4 2 2
1/[9]
SR
1. - -1
= — intercept = ——— = 0.25uM
1. _
= = intercept = o5 T - 1.25mM 1

18



8. (total 10 points)
(a.) (6 ptS) 5 - 4 =20.8 -1 6~ 5 =20.5 -1

~ (20.8 + 20.5) = 20.65

2 =20.65 =10.32 -1
= ur? = 8 2 r= g2

_ _ (1.008)(35.0) 1 1
M= + ~ 1.008+35.0 (6.0221><1023 ) (1000 )

=1.627 x 10727 kg

[ 6.6261x10"34Js ]
(8M2) (2.997x108ms—1) (10.32x102m—1)(1624x1072" )
=1.291 x 1071° =1.291 Angstrom

NI

(b)dpts)v= > -

po =——= iziz = 1.714 atomic mass unit
_ = = 2222 = 0,923 atomic mass unit
T 12+1
_ _ 0923 T 1
S —x o~ o= 2200 Y=2130

9. (4 points)

Ans. Since V /1 Ve o [Hoa
Ho Vi Hiysy

2.000x37.00

2.000+37.00 _ -
1000x35.00 1.952 =1.397

1.000 +35.00

10. (Total 14 points) each 2 pts

(a) T, due to the resonance stabilization of the conjugated base
(b) F, o =+,

(©F, -

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

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

@T
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