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1. (total 9 points) A buffer solution with a pH of 12.0 consists of NasPOs and Na,HPO,. The volume
of solution is 200.0 mL. (H3sPOy4, Kai = 7.5%1073, Ka2 = 6.2x1078, Kaz = 4.8x10°%)

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

(Answer)

(b) If the concentration of NasPO, 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
pKa1 = 3.40 and pKa, = 5.20.

(L E o
HOJ\/H_‘/OH 0 T
(0]
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 @)

HO HO
OH OH

O OH 0

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>COs). The molar solubility of
CaCOs 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. [H.S] 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) + H:O() ——* Fe*(aq)+HS(aq) + OH(ag), K=5x10"

(Answer)

(b) Calculate the K, 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
Ho ¥ 1, — » 2HI
Kinetics experiments show that the reaction is first order with respect to H, and first order with

respect to I.. The following mechanism has been proposed.

Ky ks
W = @ =
ks

(3) Hi* | —— 2HI
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 [I;] and the rate

constants k; and k..

(Answer)

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

(Answer)



6. (total 11 points)

k
Br+H2 — HBr+H

forms a key step in the mechanism for the chain reaction between H, and Br,. 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 Ktmol?; 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) 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:
k

k
E+S 4> ES —2> E+P

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

, . . . . d[P
(a) Write the rate equation governing the formation of product, i.e. % =7?.

(Answer)

(b) Write the rate equation for governing the formation ES, i.e. deEtSJ: 2

(Answer)

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

d[ES . iy ,
decay of ES. Under steady-state condition, %:o. In this steady-state condition, find the
t

equation for [ES].

(Answer)



(d) KKy is definedas KKnm= . and Wypmmmn is the maximum rate at the saturating concentration of
[S]. Write — -
dt

asafunction of KK, Wonmmmm @nd[S].
(Answer)

(e) Atwhat concentration of S (expressed as a multiple of KK,,,,) will rate= 0.9 Wummmm ?
(Answer)

(f) Calculate KK, and Wmmmm fromthe following data.

[S] (uM) Rate (MM - s%)
0.1 0.34
0.2 0.53
0.4 0.74
0.8 0.91
(Answer)
1.6 1.04




8. (total 10 points)

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

HCl are # = 83.03ucc™ , €9 =103.8cm™* and @ =124.3 cccc™.
Calculate the equilibrium bond length of the HCI molecule.

(Answer)

(b) The C-Hbonds in CCCC; and CCCC, groups stretch at frequencies near 2900 cccc™? in the infrared (IR)
spectrum. Calculate the vibration frequency if hydrogen atoms were replaced by deuterium.

(Answer)

\% \%
9. (4 points) Fundamental vibration wavenumbers of 'H*Cl and 2H*'Clare ~ isc1 and  znercl

\%
1H35C)
. 2H3TC] . .
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 m orbital of C2H,4 is excited by a photon to the =* 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 =* transition.

(Answer)

(9) Phosphorescence generally occurs more slowly than fluorescence.

(Answer)
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Physical Constants

Avogadro's number Ny = 6.02214179 % 10" mol !
Bohr radius a = 0.52917720859 A = 5. 2917720859 % 10 "'m
Boltzmann's constant ks = 1.3806504 x 1072 JK '
Electron charge e = 1602176487 = 10" C
Faraday constant F = 96,485.3399 Cmol '
Masses of fundamental particles:
Electron m, = 9.10938215 % 10 ¥ kg
Proton m, = 1.672621637 % 10 “" kg
Neutron m, = 1.674927211 = 10 ¥ kg
Permittivity of vacuum € = 8.854187817 = 107 C %) 'm™"
Planck’s constant I = 6.62606896 * 10 ' Js
Ratio of proton mass to electron mass myim, = 1836.15267247
Speed of light in a vacuum ¢ = 2.99792458 x 10°ms ' (exactly)
Standard acceleration of terrestrial gravity g = 9.80665 m s * (exactly)
Universal gas constant R =8314472 ) mol "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 = 1492417830 x 10 ') = 931.494028 MeV (energy equivalent from E = mc’)

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

= 96.485335 kJ mol
Foot 1ft = 12in = 03048 m (exactly)
Gallon (U.5.) 1 gallon = 4 quarts = 3.785412 L (exactly)
Liter 1L=10*m *= 10 cm’ (exactly)
Liter-atmosphere 1 Latm = 101.325 ] (exactly)
Metric ton 1t = 1000 kg (exactly)
Pound 11b = 16 oz 0.4539237 kg (exactly)
Rydberg 1Ry = 2.17987197 % 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 3) 4+3+4/11
2 4+4+3/11 7 l+3+3+4+3+14£
3 /6 8 6+4/10
/100
4 6+3/9 o) /4
3) 3+5/8 10 2x7/14
HH 7|1E: H7japde oLt ®o[Lt unit O] S2|H -1
B2 fol FHIjapPgo| ozt SRS W 1
AS MY AX| 210 (32 2XH0| MY gl BHE S%AS U -1 (3 pts), -2 (4 pts 0] &)

1. (total 9 points)
(@) (2 pts) pKa1 = 2.2, pKaz = 7.2, pKaz = 12.3
pH 12 is a bit less than 12.3, so the major component is [HPO4 2_] and then [PO43_]

2-
answer: [HPO, |

(b) (3 pts) pH = pKa — log >, 12.0=123- log——, x=0.798 M.

[FO4]

Mass of Na;HPO4 = 0.798 mol/L x 141.96 g/mol x0.2 L=22.7 g
(c) (4 pts) To increase the pH, the basic part, [PO4 3_] should be added.
1225=123— log== , x=0711M.

Additional mass of NazPO4 = (0.711-0.400) mol/L x 163.94 g/mol x 0.2 L=10.2 g

2. (total 11 points)

(a) (4 pts) ) _ .
HA (aq) +HO0 () @ H:O(ag)+HA (aq), K =1034=3.98x10
2 malate malate al
HA (@) +H0() 2 HO'(ag)+A°  (aq), K =1052=6.31x10"
malate malate a2

pH is mainly determined by the first acid dissociation reaction. (assumption)
HA (ag) +HO () 2 HsO'(aq) + HA (aq)
2 sc sC

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




Z

_l_ —
H;0" |[HA x )
- [ 3 ][ malate] — — 3.98x10 4
a [H2A malate] 0.1-x
Assuming x to be much smallerthan 0.1 = 0.1-x=0.1
2 4

= x /0.1 = 3.98x10
-3
= x = 6.31x10
+ -3
= pH = -log[H:0 ] = -log[6.31x10 ] =2.20

(b) (4 pts) _ 2
HA “(ag)+ A
malate (ag) + H,O (|) 2 Hs;0 ( qz malate (aQ)
Starting 6.31x10 6.31x10 0
Change -y +y +y
-3 -3
Equilibrium 6.31x10 -y 6.31x10 +y vy
[H307][AZ el (6.31x10 3+y)y s
= —_malate: - ———— =631x10
a [HA  jatel 6.31x107 2 —y

-3 -3 -6
= 6.31><1(_)2 y/6.31x10 =6.31x10 (Assume thaty is much smaller than 0.0028)
= y=[A ]=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 CaCOs is S

cazt + c032_
S S

Caco,

Ksp ~ S?7(93X10%27865X10°

ca2t + CO32
< n-050 +S_
Ksp ~ S(0 050 * S) = 0 050S ~ 8 65 X 10 °

Caco,

S=1.73x10"

Answer: molar solubility is 1.73 x 10”7



4. (total 9 points)
(@) (6 pts) [HS] 3 pts, [Fe?'] 3 pts
pH = 4.5, [Hs0"] = 1x 1045 = 3.2 x10°

[OHT] = 3.1 x 10%° (fixed)

H.S(aq) + H:0() «———  Hs0*(ag) + HS(aq)

+ - 10-5 -
_ [H307][[HS™] _  3.2x107°x[HS™] Co1x10
[H, S] 0.15

K,

8
= [HS]=4.3x10*

FeS(s) + H:O() ———* Fe*(aq) + HS(aq) + OH(aq), K =5x10™"°
K = [Fe?*][HS"][OH ] = 5x 10°1°

1in-19
K 5x10
[F92+] = = - — , =3.8x10°M
[OHTIHS™]  (3.1x10710)(4.3x10~%)

(b) (3 pts)
CaFy(s) ———*> Ca*(aq)+ 2F(aq)
Initial 0 0
Reaction +S +2S
Equilibrium +S +2S
o 0.016g/L
S (Molar solubility) = ————— = 2.0x10*mol/L
78.07g/mol

Kep = [Ca?'] [T = S(25)?= 4S°
= 4-(2.0x10)%= 3.2x10™

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

. Rall]
At equilibrium, ki[l2] = k[I]? 1= -Jﬁ

(b) (5 pts) [H21] 2 pts, rate 3 pts
similar to (a), from reaction 2, [H,1] = %[H:] 1]

kikok
Thus, rate = ks[H.l][I] = _kl._i.s_ [H2]['2]

"2



6. (total 11 points)

(a) (4 pts)
k = A exp(-E4/RT)
In(ki/kz) = Ea/R X (1/T2 — 1/Ty)
Ea=R(In ki —Ink2) / (1/T2 — 1/T1)
= (1.9827 calKmol?)(-1.6534)/(-1.7857x10* K1)
= 18.35 kcalmol?
A =k exp(Eo/RT) = (6.74x10*° cm*molecule™ s™) x exp(18.35/(1.9827x800))
=7.2x10"cm3molecule’s?

(b) (3 pts)
AHg = 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 — Ed') / RT] = 10*°
Ea— Ea’ = (RT) In (10%) = (1.9827x100) (15) (2.303) = 6.85 kcalmol™

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

energy for the reverse reaction (2.4 kcalmol™).

7. (total 18 points)

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

(b) (3 pts)
d[ESYdt = (Ki[E][S]) ~(K1[ES] + k[ES]) = Ki[E][S] - k1[ES] - ko[ES]

(c) (3 pts)
Since ki[E][S]=k-1[ES] + ko[ES] , ki[E][S]= ( k-1+ k2)[ES].
Therefore, [ES] = ki[E][S]/( koot k2)



(d) (4 pts)

d[::] =0 =ky[E] [s] - k_4[ES] - k2[ES]

[EEE;; [E] + [ES]

—o =0= ky [E7][S] ky [ES][S] - k-1 [ES]- k2 [ES]
iy [E71[S]

[E5] = (k_q+ ko) + kyls]

Koy % ke
K, =——

ks
[Erl[s]
S
d[F] '

4 _ _ kalErls]
- FlBSI= 2o

Taking the limit in which [S]>»> K, Ve = &2
Vmax[5]

B 5%, [ES]= =
(e) (3 pts)

Vmax[5]
Em+[5]

Rate =

rate [5]

Vmaxr  Em#[5]

09= kot D]
[S] = 0.9K,, + 0.9[S]
0.1[S]=0.9 K,

0.5
. [S] = o K :gﬁm

(f) (4 pts)

2

18 P

14 -
12 P
1]~

/O& y-intercept =
- 06 N
- 0.4 mex

7~ 0.2
o~ 5
6 4 q 0 2

1/18]

1/(a[P]/dt)

1 K, 1 1
e
d[Fl/de Vimax  [5] Vmaox

Kp = % intercept = ——— = 0.25uM

—auM—t -
=1.25mM 571

1.
Vg = " intercept = ———



8. (total 10 points)

() (6 pts) Tg - 73 =20.8 em™t T - 75 =205 em?

average = (20.8 + 20.5) = 20.65

2B =20.65 B =10.32 cm™
| = rz _ k _ R
= M= 8micE r= +) Br2cEu
_ My _ {1.0087%(35.0) 1g 1Kg
K my+ mg 1.008+35.0 (s.u:nxiu“amu) (1I}I}I}g)

=1.627 x 10727 kg

r= B.6261 %10 **]= ]
{Emzj I:E.E-'}?xl[!lsms_“j ['.l:u.szx*.nzm—'_j['_.sux:n—zrkg}

=1.291 x 107 m =1.291 Angstrom

B

(b) 4 pts) v= — &
P Ima)p
_ mgmp _ 12x2 . .
Ue—p = mgtmp —121?:2 1— 1.714 atomic mass unit
Ue-m = m”:imjﬂ = 1:: = 0.923 atomic mass unit
0L923
1 — [MH _ -1\ — _
Ve-p = ﬂlg X Vpogy = -.,I|1.?14 (2900 ¢m~1)=2130 em™1
9. (4 points)

2.000x37.00

2.000+37.00 _ mqes _
1.000x35.00 1.952 =1.397

1.000+35.00

. 1 Vl 35 ﬂZ 35,
Ans. Since Voo [—, —HCk_ hoel
Y7, Vo s o3
H CI H CI

10. (Total 14 points) each 2 pts
(a) T, due to the resonance stabilization of the conjugated base
(b) F, a1==2.0

(c) F, 3hv

(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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1. (Total 9 pts) Among possible conformational isomers, a chair form of cyclohexane is known to be
the most stable. Cis-1-isopropyl-3-methylcyclohexane can have two conformational isomers in the
chair form, and one of the isomer, A is shown below.

CHs HaC._CHs oy,

CHs H H
H3C H H & — B
! H . H
H H

C CO exane

cis™ ~ T
> 1 isopropyl 3 MCthyl y I h

(a) Draw the other chair conformer B with all functional groups including hydrogens.

(Answer)

(b) Which conformer A or B is more stable? Explain the reason for the energy difference.

(Answer)

(c) Cis- or trans-decalin is one of fused bicyclic alkanes. Draw _the most stable conformational

isomer of cis-decalin and trans-decalin (hydrogens may be omitted).

H H
cis” 'dca n rand” eca n
d i t d i

(Answer)



2. (Total 6 pts) Molecular orbitals of conjugated alkenes can be drawn by a liner combination of

atomic p orbitals. For hexatriene, there are six levels of mT—orbitals.

T
5 XEXXXXK
5 -
T
W TC4
hexatriene 3
T
2

EETTITY

(a) Similar to 11 and 116, draw other 11 orbitals.

(Answer)

(b) Which 17 orbital(s) are bonding and anti-bonding orbital(s)?

(Answer)

(c) Which T orbital(s) are HOMO or LUMO orbital(s)?

(Answer)



3. (Total 10 pts) In the presence of an acid catalyst, (1) esters can be hydrolyzed to carboxylic acids

and (2) acetals can be formed from ketones.

© H* o +

@ *HO —— > J\ CH3;OH

H;C~ ~OCH; H;C~ ~OH
2 0 o HCO OCH * H,0

* CH30H
chJ\CHg s . X .
R ——
- HC  CHj

2'2 dimethOXyprOpane
(acetone dimethyl acetal)

(a) Draw_the reaction mechanism of the reaction (1) using the arrow notation. In your drawing,

specify the role of acid and provide all possible intermediates.

(Answer)

(b) Draw the reaction mechanism of the reaction (2) using the arrow notation. In your drawing,

specify the role of acid and provide all possible intermediates.

(Answer)



4. (Total 8 pts) Identify the element with the larger atomic radius in each of the following pairs.

(a) iron and chromium

(Answer)

(b) vanadium and titanium

(Answer)

(c) rhodium and iridium

(Answer)

(d) scandium and yttrium

(Answer)

5. (Total 7 pts) Cobalt(ll) forms more tetrahedral complexes than any other ion except Zinc(ll).

(a) Draw the structure(s) of the tetrahedral complex [CoClx(en)], en = ethylenediamine. Could this

complex exhibit geometric or optical isomerism?

(Answer)

(b) If one of the CI ligands is replaced by Br,, what kinds of isomerism, if any, are possible in the

resulting compound?

(Answer)



6. (Total 10 pts) The compound Cs;[CuFg] is bright orange and paramagnetic.

(a) Determine the oxidation number of copper in this compound.

(Answer)

(b) Determine the most likely geometry of the coordination around the copper.

(Answer)

(c) Determine the possible configurations of the d electrons of the copper.

(Answer)

(d) Calculate the crystal field stabilization energy of this compound in the unit of A.

(Answer)



7. (Total 4 pts) For each question, choose the correct answer.
(@) In an electrolytic cell the electrode at which the electrons enter the solution is called the
; the chemical change that occurs at this electrode is called

(Answer)

A. anode, oxidation
B. anode, reduction
C. cathode, oxidation
D. cathode, reduction

E. cannot tell unless we know the species being oxidized and reduced

(b) Choose the correct statement.

(Answer)
A. Eoi = Eorose — Eanose  fOr both galvanic cells and electrolytic cells
B. Eei = Ecathose — Eanode  fOr galvanic cells and E_, = E,, .. — E..noge  fOr €lectrolytic cells
C. Eui =E.ose — Ecanoge TOr galvanic cells and  E = E 040 — Esnse  fOr electrolytic cells

D. Er:eII = Ecathode - Eanode 20 is a|WayS true.

8. (Total 4 pts) Followings are units for physical and chemical quantities.
A. J (joule)
B. V (volt)
C. W (watt)
D. Whr (watt-hour)
E. C (coulomb)
F. mAh (milliamp hour)

(a) Choose two units for the energy among the above six units.

(Answer)

(b) Choose two units for the electric charge among the above six units.

(Answer)




9. (Total 9 pts) A galvanic cell is constructed as Cd | 1.0 M Cd?* || x M Fe?*, 1.0 M Fe®*" | Pt where

x = 1.0 or 0.10. The standard potential for Fe®** + e~ — Fe?" is +0.752 V and Cd**+ 2 e~ — Cd is

RT RT
—0.410 V at 25 °C and ?'nlo =__2303=0.0592V 4t25-°C.

F

(a) Write the overall cell reaction without phase notation.

(Answer)

(b) Calculate the cell potential (E,,) when x = 1.0.

(Answer)

(c) Calculate the cell potential ( E,) when x = 0.10.

(Answer)



10. (Total 8 pts)
(@) In an alkaline dry cell, Zn(s) is oxidized to Zn(OH)x(s) at anode, and MnOz(s) is reduced to

Mn,O3(s) at cathode. Write the cathode and anode reactions with phase notations (s, |, g, or aqg).

(Answer)

(b) Estimate the standard potential for Cu*(aq) + e~ — Cu(s) where the standard potential for
Cu?*(ag) + 2 e — Cu(s) is 0.340 V and the standard potential for Cu?*(aq) + e~ — Cu*(aq) is 0.159
V.

(Answer)

11. (6 pts) Consider the polymerization of acrylonitrile.

Describe 3 steps of addition polymerization that involves butyl lithium ion (Bu'Li*) as an initiator.




12. (Total 12 pts) Determine the structures of compounds (a)-(c)

(a) C7HsS (Answer)
CaHaS
5 i
z
__u |
__,JL - ,,_.___J!.J.,l__
g 9 8 5 § 3 2 . D 5
(b) C12H1404 (Answer)
poscoe s
C12H1.;Og‘ J
6
4
4
JP___M il .
(c) CsHyOuN (Answer)
CgHgOgM 3 —
LS
i 3
-
—
et e i -,NUJ - ||- -L_-._ emaa——— | X L S A
e 7 8 s 4 1z '1 05

10



13. (Total 7 pts)

(a) Straight-chain form of D- ribose is shown below. Draw the structure of the ring form of D-ribose

and indicate how many chiral carbon exists.

H O (Answer)

T
H—(II—OH
H—(ll—OH
H—(IZ—OH

CH20OH

(b) 40-residue protein is folded into two-stranded antiparallel -structure by 4-residue hairpin turn.

Estimate the length of this protein.

(Answer)

(c) The tautomer of thymine has the following structure and can make a base pair with guanine.

Show the structure of this G.T base pair.
OH

N

A

(Answer)

11



Physical Constants
Avogadro’s number
Bohr radius
Boltzmann's constant
Electron charge
Faraday constant

Masses of fundamental particles:

Electron

Proton

Neutron
Permittivity of vacuum
Planck’s constant

Ratio of proton mass to electron mass
Speed of light in a vacuum
Standard acceleration of terrestrial gravity

Universal gas constant

Ny = 6.02214179 x 10” mol !

ag = 0.52917720859 A = 5.2917720859 x 10 ""m
ky = 1.3806504 > 10 # JK '

e = 1.602176487 < 107 C

F = 96,485.3399 C mol ™’

n

m, = 9.10938215 x 10 "' kg
1.672621637 = 10 " kg
m, = 1.674927211 x 10 ¥ kg
€ = B.B54187817 x 10 *C 21 'm™!
i = 662606896 x 10 s
my/m, = 1836.15267247
¢ = 299792458 x 10° m s ' (exactly)
g = 9.80665 m s * {exactly)
R =8.314472 Jmol "K'

= 0.0820574 L atm mol 'K '

my

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

Conversion Factors
Angstrom 1
Atomic mass unit

Calorie
Electron volt

Foot

Gallen (U.S.)
Liter
Liter-atmosphere
Metric ton
Pound

Rydberg

Standard atmosphere

Torr

A=10"m
1u = 1.660538782 < 10 " kg

1u = 1492417830 x 10 ') = 931.494028 MeV (energy equivalent from E = mc®)

1cal = 4.184 ) (exactly)
1eV = 1602177 x 10"

= 96.485335 kJ mol
1ft = 12in = 03048 m (exactly)
1 gallon = 4 quarts = 3.785412 L (exactly)
1L=10"m ?= 10’ em’ (exactly)
1Latm = 101.325 J (exactly)
11t = 1000 kg (exactly)
11b = 16 oz 0.4539237 kg (exactly)
1Ry = 2.17987197 x 10 ']

= 1312.7136 kJ mol

= 13.60569193 eV
1 atm = 1.01325 % 10° Pa

= 1.01325 % 10° kg m ' s 7 (exactly)

1 torr = 133.3224 Pa

12



PERIOD

A mx—oc— >wrm o m mrmgmz
1 14 — — — — — — — 15 V1A
1 10078 hitp:dwwwektf-split. heiperiodniien/ 1 4n028
1 : GROUP NUMBERS GROUP NUMBERS :m
IUPAC RECOMMENDATION CHEMIC AL ABSTRACT SERVICE
HYDROGEN | 2 [I& (1985) 4 7 (1986) 13 A 14 VA 15 VA 16 VIA 17 WVIIA| Heuum
3 68414 gm22 13 11 5 108116 1201|7 140078 15990|9 18998 |10 20180
. ATOMIC NUMBER — 5 0,811 }— RELATIVE ATOMIC MASS (1) ~
21 Li | Be B C N O F | Ne
LITHILM | BERYLLIUM 5\__.\:5_.||_W BORON CARBOM | NITROGEN | OXYGEN | FLUORINE NEON
11 22,900 |12 24.305 BOROM—— ELEMENT NAME 13 25982 |14 28086 |15 30974 (16 32065|17 35453 |18 39048
u . al
Na | Mg Al | Si P S | Cl | Ar
- VIIB ]
SODILM | MAGNESIUM| 3 e 4 WB 5 VB 6 VIB 7T VIB 8 9 10 11 B 12 IIB | ALuminium | siucon  [PHOSPHORUS| SULPHUR | CHLORINE |  ARGON
19 39.008 [ 20 40078 (21 44956 |22 47.867 | 23 50942 | 24 51006 | 25 54.938 | 26 55.845|27 58.933 | 28 58603 [ 29 63546 (30 6539 (31 60723 (32 7264|33 74902234 7896|35 79904 |36 B3IB0
4 ) . 7 { L3 ~ ~ ~ ~
WK |Ca|Sc | Ti|V |Cr|Mn|Fe |Co|Ni | Cul|Zn | Ga|Ge| As | Se | Br | Kr
POTASSIUM | CALCIUM | ScanDium | TiTAaMiUM | VANADIUM | CHROMIUM |MANGANESE|  IRON COBALT NICKEL COPPER ZING GALLILM  |GERMAMIUM| ARSENIC | SELENIUM | BROMINE | KRYPTON
37 85468 (38 87.62 (39 88906 (40 91.224 | 41 92906 |42 9594 |43 (98)|44 101.07 |45 10291 46 106.42 (47 107.87 (48 112.41(49 11482 (50 118.71| 51 121.76 |52 12760 |53 126.90 |54 131.29
- § al Al N
SIRb | Sr | Y | Zr |[Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te | Xe
RUBIDIUM | STRONTIUM | ¥TTRIUM | ZIRCONIUM | NIOBIUM | MOLYBDENUM|TECHNETIUM| RUTHENIUM | RHODIUM | PALLADIUM | SIVER | camsium INDILM TIN ANTIMONY | TELLURIUM | I0DINE NENON
55 132.91|56 13733 s7_7) (72 178.48| 73 180.95| 74 183.84 |75 186.21(76 190.23 |77 192.22| 78 19508 |79 196.97 | 80 200.59 |81 20438 |82 2072 (83 2089884 (209)|85 (210)| 86 (222
"~ . i T L]
6| Cs | Ba [talul Hf | Ta | W | Re | Os | Ir | Pt | Au | Hg | TI | Pb | Bi | Po | At | Rn
capsim | mamuow [CRnthanidel L ooom | ranacum | TunesTen | reeniuM | oswium IRIDIUM | PLATINUM GOLD MERCURY | THALLILM LEAD BISMUTH | POLONIUM | ASTATMNE | RADOM
87 (223) (88 (228) | o 13 |104 (261)| 105 (262)| 106 (266) | 107 (264) (108 (277)| 109 (288)| 110 (281)| 111 (272){ 112 {288) 114 (288)
7| Fr | Ra |Aclr) R | Db | Sg | Bh | Hs | Mt |Uun|Uun | Uub Ungq
FrenciUM | Rapum | ACHmde o rouy| DusniM |sEasoRraiUM| BoHRIUM | HAssIM | METNERIUM| UNUNNILIONM| UNUNUNIUM] UNUNEIUM LINLINCLACILM
LANTHANIDE Copyright © 1908-2002 EniG. (enig@idf-apt hr)
57 138.91| 58 14012 | 59 140.91| 60 14424 |61 (145)| 62 150.36 | 63 151.96 |64 157.25|65 158.93 |66 16250 |67 16493 | 68 16726 (69 168.93 [ T0 173.04 |71 17497
Pure Appl. Chem., T3, No. 4, 867-683 (2001)
Retatin tomic i fin h J ) y
S teenermenanns | La | Ce | Pr | Nd [Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
bostroat bk ) o;dummmﬁw LANTHANUM|  CERIUM | maseocvamum] MEC DvMIum [PROMETHIUM| SAMARIUM | EURDPIUM |[GADOUNIUM| TERBIUM |Dvserosum| Houum | Ersium | THULILM | vTTERBIUM | LUTETILM
soio pe of the slement.
However firee such elements (Th, Pa, and U)
do have a n..—wwm_.mﬂﬁ temestnial Iwotopec h.nl_l—Z—Dm
composition, and for hese an atomic weight is 89 (227)| 90 232.04 | 91 231.04|92 238.03|93 (237) |94 (244)| 95 (243)| 96 (247)| 97 (2471 |98 251)|99 252)| 100 257)( 101 (258) (102 (259) | 103 (282)
tabulated.
7"Ac| Th | Pa| U Np| Pu|Am | Cm|Bk | Cf | Es | Fm| Md| No  Lr
Editor: Aditya Vardnan {adivar@netiiny com) ACTINILM | THORIUM [PROTACTINIUM] URANIUM | NEPTUNIUM | PLUTONIUM | AMERICIUM | CURIUM | BERKELIUM |CALIFORNIUM|EINSTEINIUM|  FERMIUM | MENDELEVIUM| NOBELIUM |LAWRENCIUM
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<The Answers>

Problem points Problem points TOTAL pts
1 3+2+4/9 7,8 2+2+2+2/8
2 4+1+1/6 9 3+3+3/9
3 5+5/10 10 4+4/8
4 2x4/8 11 2+2+2/6
5 4+3/7 12 4+4+4/12 /100
6 2+2+3+3/10 13 2+2+3/7

B2 XHol Hijargol 4zt ERS W 1

HA 71E: H/HAP82 HeLt HO|Lt unit O] SE[H -1
7

1. (Total 9 pts)

(a) (3 pts)
Conformer B: Chair conformation with iPr and Me groups are all equatorial positions

All C-C and C-H bonds should be parallel with other existing bonds: (-1) point for the wrong
structure.

(b) (2 pts)
Conformer B. Conformer A is unstable due to the existence of 1,3-diaxial interactions between

iPr and CHj; groups (or steric repulsion between iPr, CHs, and H).

(c) (4 pts)

H H - trans” eca n
Cis decalin d i



2. (Total 6 pts)
(a) (4 pts) From 12 to 115, 1 pt for each MO

KT
R
"
R
ERLLATY
RULEE

(b) (1 pt)

bonding: 11, 2and T3 Anti-bonding: T4, rsand Tre
() (1 pt)

HOMO: 113 LUMO: 114

3. (Total 10 pts)

(a) (5 pts) 1 pt for each intermediate, +1 pt for complete rxn

® H proton H
+ - @'
j\ H \ HO_OCHq transfer HQ\ Q~CHa
H3C~ “NOCH;

HzC”\~"OCH3 H HoC™ 0% HsC~ OH
o :
|
H l

o N H
H ®o-

+
)J\ )|\ CH3;OH
HsC™ ~OH HaC” SOH

(b) (5 pts) 1 pt for each intermediate

® H Proton
e ransfer
/‘i H* C HO_ CHy raAnSter 4@ e,
HaC~ “CHj HsC QL H3C><O/® Hy H30><OCH3
/CH3 1
o)
M H l
. H
.
R ®
HsCO  OCH; H .C o><OCH3 FHO ~—— H_E) C
HsC~ “CHs HsC~ “CHj HsC~ O
O/CH3

® O/CHB
AISO correct with |

HsC” > CHj



4. (Total 8 pts) each 2 pts

(a) chromium

(b) titanium

(c) iridium (another answer: rhodium and iridium have similar radii.)

(d) yttrium

5. (Total 7 pts)

(a) (4 pts) 2 pts for drawing (tetrahedral), 2 pts for “no isomer”

In [COC]2 (en)] the two ends-of the ethylenediamine (en) llgand are equwalent. and the two Cl llga.nds
are also equwalent as suggested in the following

Tetrahedral structures do not exhibit cis-trans isomerism (geometrical isomerism) because the four
corner of a tetrahedron are ‘equidistant from each other. -Tetrahedral structure can exhibit mirror-
image 'isomerism if they have four different atoms attached to the central atom. The complex
[CoBrCI(NH3)(NH,CH3)] would in principle exhibit mirror-image isomerism. But [CoCly(en)] does

‘ot have four different ligands. Consequently [CoCIz en)] Ica.nnot. exhibit geometncal isomerism and

|cannot exhibit 0pt.1ca.l isomerism. I

(b) (3 pts)
No isomers exist, because the ethylenediamine ligand still occupies two out of four sites on the

tetrahedral structure, which can be regarded as two identical ligands. Therefore, the tetrahedral

coordination cannot exhibit either geometrical nor optical isomerism.

6. (Total 10 pts)

(a) (2 pts) Copper is in the +4 oxidation state.

(b) (2 pts) octahedral

(c) (3 pts) In a weak octahedral field, the d electron configuration would become (t2g)°(eg)?.

(d) (3 pts) -2/5A x 5 + 3/5A x 2 = -4/5A (or -4/5A,)



7. (Total 4 pts)
(@) (2 pts) D
(b) (2 pts) A

8. (Total 4 pts)
(a) (2 pts) A, D (A. J (joule), D. Whr (watt-hour)
(b) (2 pts) E, F (E. C (coulomb), F. mAh (milliamp hour))

9. (Total 9 pts)

(a) (3 pts) The reduction Fe** + e~ — Fe?* takes place at the cathode, and the oxidation Cd(s) —
Cd?* + 2 e~ takes place at the anode. Only inthiswayis E° =E° —E° of the cell positive.

cell cathode anode
Cathode: 2 Fe3" + 2 e~ — 2 Fe?*
Anode: Cd — Cd?* + 2 e~
Overall: Cd + 2 Fe* — Cd?" + 2 Fe?*

(b) Bps)E° =E° —E° =+0752-(-0.410)= 1.162 V.
( 0.1
() (3ps)E_=E  —E° =Lo.752—o.0592|og|10 1o 170410

cathode anode )

=0.752 + 0.0592 - 0.410 = 1.221 V

10. (Total 8 pts)

(a) (4 pts) For this problem, without phase notations, only 2 pts are given.
Cathode: 2 MnOy(s) + H20(l) + 2 e~ — Mn;03(s) + 2 OH(aq)

Anode: Zn(s) + 2 OH (aq) — Zn(OH) »(s) + 2 e~

(b) (4 pts)

o o o o n FE°—nFE° 2x0.340-1x0.159
AG, =n,FE, =n,FE, —-nFE,, E; =2*—2——= =0.521V
n,F 1




11. (6 pts) 2 pts for each elementary reaction

Buli* + CH, =CH - Bu-CHa-cy-Li+ (initiation)

\

C=N C=nN

Bu-CHs-rg-15+ + CH;=CH — Bu-CH; -CH-CHeg-13+

\ \ |

-EN C=N EN 45[\]

(propagation)
-(CH,-CH), -CH,-CH'Li* + H:0 = _(cH,-cH),-CHz-cH, + Li¥  oH-

éz N Jiz N C=N +£N

(termination)

12. (Total 12 pts) All pts can be given when —COO- group is changed by —OCO-.
(a) (4 pts)

]
H C
|\R‘"SH
H
H H
H
(b) (4 pts)
H H
0\\\\ /Q‘
C C/
HyCH,C——0 0——_CH,CH4
H H
(c) (4 pts)
ﬂ
H4C C O CHaCHy

ZE— T



13. (Total 7 pts)
(a) (2 pts)

HOH,C 0 H

H H
H OH

1 [
OH OH

D-ribose has 3 asymmetric carbon atom.

(b) (2 pts)
40-4=36
36+ 2=18
Each B-strand has 18 amino acids.
The distance between 2 successive amino acids in B-structure is 3.5 A°.
3.5A° x 18=63 A°

(c) (3 pts)

H,

¢ Ny 8
“‘Hﬁ//js E}n—H---h\ht/:;s Er\:\c"'
- f \\Cz_:;/

e Ny ——--/ ;}'aar

) thyming
guanine {rare enol form)
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	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)

	E S
	E P
	(Answer)
	(Answer)
	dt
	(Answer)

	dt
	dt
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
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	(Answer)
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	(Answer)
	(Answer)
	(Answer)
	전체 기준: 전개과정은 맞으나 답이나 unit 이 틀리면 -1
	2. (total 11 points)
	3. (6 points) Ksp 3 pts, S 3 pts
	4. (total 9 points)
	5. (total 8 points)
	6. (total 11 points)
	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).
	8. (total 10 points)
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	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
	(Answer)
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	(Answer)
	(Answer)
	(Answer)
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	(Answer)
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	(Answer)
	전체 기준: 전개과정은 맞으나 답이나 unit 이 틀리면 -1
	2. (Total 6 pts)
	
	
	
	
	
	bonding: π1, π2,and π3 Anti-bonding: π4, π5,and π6
	HOMO: π3 LUMO: π4
	(a) chromium
	6. (Total 10 pts)
	7. (Total 4 pts)
	8. (Total 4 pts)
	9. (Total 9 pts)

	0.752 0.0592 log
	 
	10. (Total 8 pts)

	2 0.340 10.159
	0.521 V
	13. (Total 7 pts)

	D-ribose has 3 asymmetric carbon atom.



