2020 Fall Semester Midterm Examination
For General Chemistry II
Date: Oct 21 (Wed),



Time Limit: 19:00 ~ 22:00

NOTICE
If you have a printer, print the papers and write the answers in the space of each question. If not,
prepare several A4-size papers to write only question # and the answers on it in the following
example. And for clarity, marking your answer is recommended. Please, print your Student ID in
the upper right corner of every page for both of them. (Handwriting only is acceptable and typing
is not.)
Example:

Professor Name

Class

Student I.D. Number

Name

#1. (a)………
(b)……..


If you have any questions during the period, please contact the TA of your class using the Zoom
chat channel to “Everyone” (the only possible choice). Proctors will make any announcements
relevant to all students via audio.



While still in the video conference, submit your file to [Midterm Examination], an assignment on
Turnitin of your class. Do not leave the video conference until your TA is confirmed and tells you
that it is fine to leave.

** This paper consists of 12 sheets with 10 problems (page 11 - 12: Equation, constants & periodic table). Please check all
page numbers before taking the exam. Please write down the unit of your answer when applicable. You will get 30%
deduction for a value that is missing its unit.

NOTICE: SCHEDULES on RETURN and CLAIM of the MARKED EXAM PAPER.
(채점 답안지 분배 및 이의신청 일정)
1. Period, Location, and Procedure
1) Return and Claim Period: Oct 26 (Mon 12:00~24:00)
2) Location: Each class of Turnitin site (online)
3) Procedure: If you have any claims on it, email them (Question# and reasons) to your TA.
(The claim is permitted only during the designated claim period. Keep that in mind! A solution file with answers for
the examination will be uploaded on the web.)
2. Final Confirmation
1) Period: Oct 29-30 (Thu – Fri)
2) Procedure: During this period, you can check final score of the examination on the website again.
(No additional corrections. If no change in your score after reasoning, the claims were not accepted.)
** For further information, please visit General Chemistry website at www.gencheminkaist.pe.kr
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1. (total 10 pts)
(a) [4 pts] Consider the following reaction mechanism for the production of products P from
reactants A and B, and express the rate for the product formation in terms of the concentrations of
the reactants and rate constants (k , k , k , k , and k ).
1

2

3

4

5

(Answer)

2

(b) [3 pts] Consider the following reaction mechanism for the production of products P from
reactants A and B, and express the rate for the product formation in terms of the concentrations of
the reactants and rate constants (k , k , k , and k ).
1

2

3

4

(Answer)

You can derive the same way as in (a).
Or this case corresponds to a special case of (a) where k is very small.
Therefore from the solution of (a), if let k approach zero, then you get k [A][B].
2

2

1

(c) [3 pts] Consider the following reaction mechanism for the production of products P from
reactants A and B, and express the rate for the product formation in terms of the concentrations of
the reactants and rate constants (k , k , and k ).
1

2

3

(Answer)

You can derive the same way as in (a).
Or this case corresponds to a special case of (a) where k and k are very small.
Therefore from the solution of (a), if let k and k approach zero, then you get k [A][B].
2

2

4

4

1

3

2. (total 9 pts) Consider the following table for steric factors for gas-phase reactions.

(a) [3 pts] What is the definition of the steric factor?
(Answer) The steric factor is an empirical correction that has to be identified by comparing the
results of the simple theory (based on hard-sphere collision) with experimental data.
(b) [3 pts] Why is the steric factor smaller than 1 for most reactions?
(Answer) Among all molecular orientations for bimolecular reactions, there is only a very small
fraction of orientations are optimal for producing products.
(c) [3 pts] For the reaction of K + Br → KBr + Br, why is the steric factor larger than 1?
2

(Answer) This can be explained by the harpoon mechanism. The highly electronegative Br atoms in
Br pull an electron away from K, which has a very low ionization energy. The strong Coulomb
attraction between the ions pulls them together to initiate the reaction even before they physically
meet each other. This is why the actual cross-section is larger than the theory based on hardsphere, yielding the steric factor larger than 1.
2

4

3. (total 9 pts) Consider the following Raman spectrum of NO.

(a) [3 pts] What transition is the peak indicated by the asterisk?
Example answer) 3-4 transition
(Answer) 4-2 transition
(b) [3 pts] Present an appropriate energy diagram for the transition indicated by the asterisk.
The following is an example of an answer.

(Answer)

the level of states should be clear
(c) [3 pts] Among the following terms, which describes the peak most appropriately?
Terms: Stokes, Anti-Stokes, P-branch, Q-branch, R-branch
(Answer) Anti-Stokes

no point for 2 or more answers

5

4. (total 12 pts) In each of the following statements, indicate whether it is true or false.
(a) For a given elementary reaction, it is always possible to determine the reaction order of the
elementary reaction.

(b) It is impossible to determine the structure of a reaction intermediate.

(c) The pre-exponential factor of the Arrhenius equation is independent of temperature.

(d) With enough time, a system eventually reaches equilibrium.

(e) At equilibrium, the forward rate and the backward rate should be the same.

(f) Molecular beams are useful for studying liquid solution-phase reactions.

(g) Both rotational and vibrational spectroscopies can give information on the molecular structure.

(h) According to Born-Oppenheimer approximation, the electron motions of two separate atoms can
be separated.

(i) The energy spacing between vibrational energy levels is generally larger than that of rotational
energy levels.

(j) Rigid rotor model is useful for describing the vibrational motion of a molecule.

(k) Morse potential is more realistic than the harmonic potential.

(l) Even electronic transition as well as the rotational transition has selection rules.

(Answer) (a) True, (b) False, (c) False, (d) True, (e) True, (f) False, (g) True, (h) False, (i) True, (j)
False, (k) True, (l) True
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5. (10 pts) A graduate student wants to obtain a rate constant of a simple reaction shown below,
A→B
where the molar extinction coefficient (ε) of A is known as 48000 M-1cm-1. The in-situ UV-Vis
experiment was conducted in a (1ｘ1)cm2 square-bottom cuvette, and the result is as follows. Solve
the problems. (Reference for the graph: Rittle, J.; Green, M. T. Science 2010, 330, 933-937)

Answer: *Note that every absorbance mentioned in the solution indicates the absorbance at 420 nm
which are specifically indicated at the graph.
(a) [3 pts] What is the initial molar concentration of the reactant A?
(Answer) At the initial state (t =0), the maximum peak which has an absorbance of 0.96 is totally from
A
0.96
= 𝟐𝟐𝟐𝟐 𝛍𝛍𝛍𝛍.
the reactant A. By Beer-Lambert law, the molar concentration, c = =
ϵl

48000∗1

(b) [3 pts] What is the reaction order of this reaction? Rationalize you answer.
(Answer) As the absorbance of 0.24 at the final state (t=inf) is from 20 mM of the product B, the molar
extinction coefficient of B is 12000 M–1cm–1. At t = t1/2, the theoretical absorbance is calculated to be
(48000 × 1 × 10 × 10–6 ) + (12000 × 1 × 10 × 10–6 ) = 0.60 . Therefore, the half-life from the initial
state is 15 ms. And the half-life from the concentration at 15 ms is also able to calculated, as the
absorbance should be (48000 × 1 × 5 × 10–6 ) + (12000 × 1 × 15 × 10–6 ) = 0.42. Therefore, the halflife from the concentration at 15ms is also 15 ms. As the half-life is independent of the concentration,
the reaction is first order with respect to [A].
(c) [4 pts] What is the rate constant k?
(Answer) By using half-life equation in first order reaction, t1/2 =
𝟒𝟒𝟒𝟒. 𝟐𝟐 𝐬𝐬

−𝟏𝟏

.

ln2
,
k

the rate constant k=

ln2
0.015

=
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6. (total 8 pts)
(a) [4 pts] Draw the structure of allene (C3H4) indicating three-dimensional positions of four hydrogen
atoms.
(Answer)

H
H

H
C C C
H
-1pt for notation error

(b) [4 pts] Explain why four hydrogens located in such positions.
(Answer)
The central carbon atom of allenes forms two σ-bonds and two π-bonds.

+2pt

The double bond array in allene is linear. Since the π-bonds (one π-bond consists of two 2e-filled porbitals) of allene are orthogonal, the planes defined by the end carbon substituents are also
orthogonal. In other words, three p-orbitals cannot take 4 π-bonding electrons, so that it cannot
generate a planar structure.

7. (total 10 pts)
(a) [4 pts] Draw the chemical structures of phenol and ethanol.
(Answer)

OH
CH3CH2OH
phenol

ethanol

-1pt for notation error

(b) [6 pts] Which alcohol between phenol and ethanol is more acidic? Rationalize your answer.
(Answer)
Phenols (pKa = 10) are much more acidic than alcohols (pKa = 16) because the negative charge in
the phenoxide ion is not localized on the oxygen atom, as it is in an alkoxide ion, but is delocalized
and shared by a number of carbon atoms in the benzene ring.

+3pt

In the phenoxide ion, a negative charge can disperse, in other words, spread out and so achieve a
lower energy if it is next to a π-electron system. The possibility for charge delocalization in the
phenoxide ion can be recognized by writing resonance structures for the anion.
(Student may draw resonance structures of phenoxide. They do not need to specify the values of
pKa.)
8

8. (total 11 pts)

Compound A
H 2N

H

H 3C
(R)-3-butyn-2-amine

Compound B
H

NH2

H 3C
(S)-3-butyn-2-amine

(a) [3 pts] Compound A is a(n) ________________ of compound B. Fill out the blank with the
appropriate term.
(Answer)
enantiomer

(b) [8 pts] Kai, a graduate student, wants to isolate optically pure A and B out of racemic 3-butyn-2amine (A:B = 1:1), which is called the resolution of ______(the answer of (a)). Propose a method to
separate A and B in detail with specific reagents proposed by you and provide the rationale of your
proposed method.
(Answer)
Separation between A and B is difficult because enantiomers have same physical properties. +2pt
In the class, a strategy based on the different physical properties of diastereomers was introduced.
By applying a chiral carboxylic acid such as (+)-tartaric acid (or any other chiral compound which can
produce diastereomeric mixture), we can convert a racemate into a mixture of diastereomers. +4pt
The resulting diastereomers can be separated by fractional crystallization, distillation, or
chromatography. After the separation neutralization under a basic condition can make us obtain A or
B as the optically pure form from the corresponding diastereomer.

+2pt

9

9. (total 11 pts)
(a) [7 pts] Draw a representative microstructure of the following polymers
(1) Low density polyethylene (LDPE)
(2) Linear low density polyethylene (LLDPE)
(3) High density polyethylene (HDPE)
(4) Isotactic polypropylene
(5) Syndiotactic polypropylene

(Answer)
Every structure should be clear for direction
(1) [1 pt]

(2) [1 pt]

n

n

x`
(3) [1 pts]
n

(4) [2 pts]

n

(5) [2 pts]

n

is not possible

(b) [4 pts] How we can synthesize low density polyethylene (LDPE)? Is the method considered as a
chain growth polymerization or a step growth polymerization? Rationalize your answer.
(Answer)
LDPE can be produced by radical polymerization of ethylene (ethene).

+2pt

It is a chain growth polymerization because the polymerization occurs by the propagation of the
reactive radical center through successive additions of large numbers of monomer molecules in a
chain reaction.

+2pt
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10. (total 10 pts) Pyrethrin I is a natural organic compound with potent insecticidal activity.

O
O
O
(a) [3 pts] How many chiral centers does the compound have? Draw * on each chiral center of the
above structure.
(Answer)
3 chiral centers

*

*

O *
O
O

(b) [4 pts] Pyrethrin I contains one ester group. Draw possible building blocks to form the ester
linkage in Pyrethrin I.
(Answer)

HO
OH

and

O

O

(c) [3 pts] In the presence of an acid catalyst, esters can be hydrolyzed. Draw the reaction mechanism
of the hydrolysis reaction shown below using the arrow notation. In your drawing, specify the role of
acid and provide all possible mechanism.

O

H

+

O

O

OH

HO

(Answer)
O

H

+

O

O

H

HO OEt
O
H

O
H

O

H

Proton
Transfer

H
HO O Et
OH

H
-H+

O
OH

O

H
OH

HO

-1pt for notation error
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Physical Constants
Avogadro’s number

NA = 6.02214179 ⅹ 1023 mol-1

Bohr radius

a0 = 0.52917720859 Å = 5.2917720859ⅹ10-11 m

Boltzmann’s constant

KB = 1.3806504 ⅹ 10-23 J K-1

Electronic charge

e = 1.602176487 ⅹ 10-19 C

Faraday constant

F = 96485.3399 C mol-1

Masses of fundamental particles:
Electron

me = 9.10938215 ⅹ 10-31 kg

Proton

mP = 1.672621637 ⅹ 10-27 kg

Neutron

mn= 1.674927211 ⅹ 10-27 kg

Permittivity of vacuum

εo = 8.854187817 ⅹ 10-12 C-2 J-1 m-1

Planck’s constant

h = 6.62606896 ⅹ 10-34 J s

Ratio of proton mass to electron mass

mP / me = 1836.15267247

Speed of light in a vacuum

c = 2.99792458 ⅹ 108 m s-1 (exactly)

Standard acceleration of terrestrial gravity

g = 9.80665 m s-2 (exactly)
R = 8.314472 J mol-1 K-1

Universal gas constant

= 0.0820574 L atm mol-1 K-1
Values are taken from the 2006 CODATA recommended values,
as listed by the National Institute of Standards and Technology.

Conversion factors
Ångström

1 Å= 10-10 m

Atomic mass unit

1 u = 1.660538782 ⅹ 10-27 kg

Calorie

1 u = 1.492417830 ⅹ 10-10 J = 931.494028 MeV (energy equivalent form E = mc2)
1 cal = 4.184 J (exactly)

Electron volt
Foot

1 eV = 1.602177 ⅹ 10-19 J = 96.485335 kJ mol-1
1 ft = 12 in = 0.3048 m (exactly)

Gallon (U. S.)

1 gallon = 4 quarts = 3.785412 L (exactly)

Liter

1 L = 10-3 m-3 = 103 cm3 (exactly)

Liter-atmosphere

1 L atm = 101.325 J (exactly)

Metric ton

1 t = 1000 kg (exactly)

Pound

1 lb = 16 oz = 0.4539237 kg (exactly)

Rydberg

1 Ry = 2.17987197 x 10-18J = 1312.7136 kJ mol-1 = 13.60569193 eV

Standard atmosphere

1 atm = 1.01325 x 105 Pa = 1.01325 x 105 kg m-1 s-2 (exactly)

Torr

1 torr = 133.3224 Pa
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2020 Fall Semester Final Examination
For General Chemistry II
Date: Dec 16 (Wed),



Time Limit: 19:00 ~ 22:00

NOTICE
If you have a printer, print the papers and write the answers in the space of each question. If not,
prepare several A4-size papers to write only question # and the answers on it in the following
example. And for clarity, marking your answer is recommended. Please, print your Student ID in
the upper right corner of every page for both of them. (Handwriting only is acceptable and typing
is not.)
Example:

Professor Name

Class

Student I.D. Number

Name

#1. (a)………
(b)……..




If you have any questions during the period, please contact the TA of your class using the Zoom
chat channel to “Everyone” (the only possible choice). Proctors will make any announcements
relevant to all students via audio.
While still in the video conference, submit your file to [Final Examination], an assignment on
Turnitin of your class. Do not leave the video conference until your TA is confirmed and tells you
that it is fine to leave.

** This paper consists of 11 sheets with 10 problems (page 10 - 11: Equation, constants & periodic table). Please check all
page numbers before taking the exam. Please write down the unit of your answer when applicable. You will get 30%
deduction for a value that is missing its unit.

NOTICE: SCHEDULES on RETURN and CLAIM of the MARKED EXAM PAPER.
(채점 답안지 분배 및 이의신청 일정)
1. Period, Location, and Procedure
1) Return and Claim Period: Dec 19 (Sat 12:00~24:00)
2) Location: Each class of Turnitin site (online)
3) Procedure: If you have any claims on it, email them (Question# and reasons) to your TA.
(The claim is permitted only during the designated claim period. Keep that in mind! A solution file with answers for
the examination will be uploaded on the web.)
2. Final Confirmation
1) Period: Dec 21 (Mon 12:00 ~ 24:00)
2) Procedure: During this period, you can check final score of the examination on the website again.
(No additional corrections. If no change in your score after reasoning, the claims were not accepted.)
** For further information, please visit General Chemistry website at www.gencheminkaist.pe.kr
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1. (total 12 pts) Consider the following graph of enthalpies of hydration of M2+ ions.
Hydration of the gas phase M2+ ion is defined as M2+(g) → M2+(aq), and the enthalpy of hydration
is Hfo (M2+(aq)) - Hfo (M2+(g)). The red line represents a linear change with increasing atomic number,
and the blue line and black dots are the results from the actual experiments.

(a) [2 pts] The experimental results show the clear deviations from linearity. What do you think the
major reason is in these large deviations?
(Answer) The water molecules behave as ligands to coordinate into the metal centers forming
hexaaqua coordination complexes(1pt). Then the enthalpies of the complexes are lowered by the
amount of crystal field stabilization energy(1pt).
(b) [2 pts] Why do Mn2+ and Zn2+ ions follow the simple linear trend, otherwise the ions are far apart
from the linear line?
(Answer) The ions with half-filled shells [Mn2+, d5] or filled shells [Zn2+, d10] have zero CFSEs,
therefore, the energies match with the linear trend.
(c) [2 pts] Is H2O categorized as a weak field ligand or not? What is the reason?
(Answer) H2O is a weak field ligand(1pt), because the electronic configurations of all metal
complexes are high spin complexes(1pt), derived from the enthalpies of hydration.
(d) [6 pts] Calculate the CFSE and o for each of the following ions using Hhyd(M2+) in the graph.
Cr2+; Fe2+; Ni2+
(Answer) Cr2+ => high spin d4, CFSE = -3/5o = -2800+2690 = -110 (kJmol-1), o = 180 kJmol-1
Fe2+ => high spin d6, CFSE = -2/5o = -2840+2780 = -60 (kJmol-1), o = 150 kJmol-1
Ni2+ => high spin d8, CFSE = -6/5o = -2990+2860 = -130 (kJmol-1), o = 108 kJmol-1
No partial point for suggestion both of high spin and low spin
2

2. (Total 9 pts) The reaction between ethylenediaminetetraactetate (EDTA4–) and iron(II) hexahydrate
(Fe(H2O)6) is shown below.
4–
2–
Fe(H2 O)2+
6 + EDTA → Fe(EDTA) + 6H2 O, ΔG < 0
(a) [3 pts] This reaction is highly irreversible. Explain the reason in terms of the structural feature of
EDTA and entropy.
(Answer) EDTA is a hexadentate ligand (+2). Single EDTA could binds to all six coordination sites,
while 6 equivalents of H2O are needed to fill all coordination sites. Therefore, two reactants
(Fe(H2O)62+ and EDTA4–) become seven products (Fe(EDTA)2– and 6H2O). This stoichiometric
difference makes the products much higher in entropy than reactants, and the reaction becomes
highly irreversible. (+1)
(b) [3 pts] Draw the 3D structure of Fe(EDTA)2–.
(Answer)

(Octahedral isomers are all accepted)
(c) [3 pts] Draw the crystal field splitting diagram for Fe(EDTA)2–. Assume that amine and acetate in
EDTA are weak-field ligands and the field effects are exactly the same.
(Answer)

3. (total 8 pts)
Predict the geometry, electron configuration, and number of unpaired spins in the following fourcoordinate complexes:
(a) [4 pts] [Ni(CN)4]2(Answer) square planar (1 pt)

(2 pts, you should specify the state of energy, nor 0 pt)
0 (1 pt)
(b) [4 pts] [NiCl4]2(Answer) tetrahedral (1 pt)

(2 pts, you should specify the state of energy, nor 0 pt)
2 (1 pt)
3

4. (total 10 pts) Here is a picture representing the colors of the metal ions in aqueous solution,
prepared from their nitrate salts.

(a) [2 pts] Write the dn configuration of each metal ion.
(Answer) Mn2+ d5, Fe3+ d5, Co2+ d7, Ni2+ d8, Cu2+ d9, Zn2+ d10
(b) [3 pts] Why is Zn2+(aq) colorless?
(Answer) d10 complexes, such as Zn2+, are colorless because all of the d levels (both t2g and eg)
are filled. Because there are no empty orbitals available to accept an excited electron, the
transition is not allowed, which means that the absorption is weak or nonexistent.
(c) [3 pts] Why is Mn2+(aq) particularly pale compared to other metal ions?
(Answer) High-spin d5 complexes, such as Mn2+, show only weak absorption bands because
excitation of an electron from a filled t2g level to an empty eg level would require its spin to flip
in order to satisfy the Pauli principle. Light absorption rarely reverses the spin of an electron, so
the optical absorption of these compounds is weak.
(d) [2 pts] Why is the color of Fe3+(aq) strong yellow, although we expect pale violet based on d orbital
splitting?
(Answer) As in the case of Mn2+(aq), high-spin d5 complexes have pale colors due to the difficulty of
spin inversion while excitation. Hence, instead of forming octahedral [Fe(OH2)6]3+, water can form
the other complexes, [Fe(OH)(OH2)5]2+, and break the octahedral symmetry.

4

5. (total 11 pts) Answer the following questions.
(a) [3 pts] Describe possible weak intermolecular interactions for the formation of supermolecules as
many as possible.
(Answer) (3 pts when writing more than 3 interactions) van der Waals forces, hydrogen bonding,
Coulombic interaction, dipole-dipole interaction, pi-pi interaction, hydrophobic interaction, etc..
(b) [3 pts] Write the definition of densities of states (DOS).
(Answer) number of levels in the energy interval E
(c) [2 pts] Write the definition of Fermi energy level (FE).
(Answer) Uppermost electron-occupied or half-occupied level
(d) [3 pts] Is the conductivity of a semiconductor increased or decreased when the temperature
increases? Explain your answer.
(Answer) The conductivity of a semiconductor is increased by increasing the temperature, which
excites more electrons into levels in the conduction band.

5

6. (total 12 pts)
(a) [4 pts] Compound A with formula C3H6O has following NMR spectra
1

H NMR spectrum: 2 signals
C NMR spectrum: 2 signals

13

What is the structure of compound A?
(Answer)

(b) [8 pts] How many distinct lines appear in the proton NMR spectrum of each molecule if you include
both chemical shift and spin-spin coupling? (Assume that a single line appears from the phenyl
protons.)

(Answer) (1+1+2+2+2 pts)

6

7. (total 8 pts) It is known that DNA exists on a two stranded molecule. Evidence for this stems from
the fact that when 15N isotope is added to bacteria that are reproducing, 50% of the nitrogen in the
DNA of the first new generation of bacteria is 15N.
How does this observation support the double helix(2 strands) structure of DNA?

(Answer)

The parents of this generation possess DNA with only 14N. Only 50% of the nitrogen is 15N for the
first new generation means half of the DNA from the parents is used in the new generation.
Half of the DNA is newly synthesized(15N). The two strands of DNA unwind from each other, and each
acts on a template for synthesis of a new, complementary strand. This results in two DNA molecules
with one original and one new strand. This implies the existence of two strands.
[The parents does not possess DNA with 15N, which deducts 4pt]
8. (total 8 pts)
(a) [4 pts] X-ray crystallographic analysis of a protein often fails to reveal the position of the first and/or
the last few residues of a polypeptide chain. Explain.
(Answer) In a protein crystal, the residue at the end of a polypeptide chain may experience fewer
intramolecular contacts and therefore tend to be less ordered(more mobile). If their disorder
prevents them from generating a coherent diffraction pattern, it may be impossible to map their
electron density.

(b) [4 pts] Globulin proteins are typically constructed from several layers of secondary structure, with
a hydrophobic core and a hydrophilic surface. Is this true for a fibrous protein such as a keratin?
(Answer) A fibrous protein such as a keratin does not have a discrete globulin core. Most of the
residues in its coiled coil structure are exposed to the solvent. The exception is the strip of non-polar
side chains at the interface of the two coils.

7

9. (total 12 pts)
(a) [4 pts] Circle the chiral carbon in the following compounds.

(Answer)
a) None
b)

(b) [8 pts] Draw the four stereoisomers of threonine.
(Answer)

-1pt deduction for wrong notation

8

10. (total 10 pts) Solve the following problems related to enzyme kinetics.
(a) [6 pts] The table shows the Km, kcat, kcat/Km values of the four enzymes. When substrate
concentration is much lower than Km, (

A ) has the highest catalytic efficiency. And (

B

) has

the largest Vmax at the same concentration of the substrates. Write the right words for A and B.
Enzyme

Substrate

Km (M)

kcat (s-1)

kcat/Km (M-1s-1)

Acetylcholinesterase

Acetylcholine

9.5 * 10-5

1.4 * 104

1.5 * 108

Carbonic anhydrase

CO2

1.2 * 10-2

1.0 * 106

8.3 * 107

Fumarase

Fumarate

5.0 * 10-6

8.0 * 102

1.6 * 108

Urease

Urea

2.5 * 10-2

1.0 * 104

4.0 * 105

(Answer) A: Fumarase, B: Carbonic anhydrase
No partial point for Substrate ( Fumarate / CO2 )
(b) [4 pts] The figure shows the initial reaction rate according to the substrate concentration of the
enzyme X in a Lineweaver-Burk graph. Choose all sentences that are correct from the examples.
(The concentration of enzyme X used is 0.05μM)

A. The Km value of X for the substrate is 0.25 μM.
B. The Vmax value of X for the substrate is 25 μM/sec.
C. 1 molecule of X reacts with 1200 molecules of substrate for one second.
(Answer) A, B (C deducts 2pt)

9

Physical Constants
Avogadro’s number

NA = 6.02214179 ⅹ 1023 mol-1

Bohr radius

a0 = 0.52917720859 Å = 5.2917720859ⅹ10-11 m

Boltzmann’s constant

KB = 1.3806504 ⅹ 10-23 J K-1

Electronic charge

e = 1.602176487 ⅹ 10-19 C

Faraday constant

F = 96485.3399 C mol-1

Masses of fundamental particles:
Electron

me = 9.10938215 ⅹ 10-31 kg

Proton

mP = 1.672621637 ⅹ 10-27 kg

Neutron

mn= 1.674927211 ⅹ 10-27 kg

Permittivity of vacuum

εo = 8.854187817 ⅹ 10-12 C-2 J-1 m-1

Planck’s constant

h = 6.62606896 ⅹ 10-34 J s

Ratio of proton mass to electron mass

mP / me = 1836.15267247

Speed of light in a vacuum

c = 2.99792458 ⅹ 108 m s-1 (exactly)

Standard acceleration of terrestrial gravity

g = 9.80665 m s-2 (exactly)
R = 8.314472 J mol-1 K-1

Universal gas constant

= 0.0820574 L atm mol-1 K-1
Values are taken from the 2006 CODATA recommended values,
as listed by the National Institute of Standards and Technology.

Conversion factors
Ångström

1 Å= 10-10 m

Atomic mass unit

1 u = 1.660538782 ⅹ 10-27 kg

Calorie

1 u = 1.492417830 ⅹ 10-10 J = 931.494028 MeV (energy equivalent form E = mc2)
1 cal = 4.184 J (exactly)

Electron volt
Foot

1 eV = 1.602177 ⅹ 10-19 J = 96.485335 kJ mol-1
1 ft = 12 in = 0.3048 m (exactly)

Gallon (U. S.)

1 gallon = 4 quarts = 3.785412 L (exactly)

Liter

1 L = 10-3 m-3 = 103 cm3 (exactly)

Liter-atmosphere

1 L atm = 101.325 J (exactly)

Metric ton

1 t = 1000 kg (exactly)

Pound

1 lb = 16 oz = 0.4539237 kg (exactly)

Rydberg

1 Ry = 2.17987197 x 10-18J = 1312.7136 kJ mol-1 = 13.60569193 eV

Standard atmosphere

1 atm = 1.01325 x 105 Pa = 1.01325 x 105 kg m-1 s-2 (exactly)

Torr

1 torr = 133.3224 Pa
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