National Examination for 2013 IChO
Taiwan
Round 4 (5 hours)
1. A 6-coordinate complex may be obtained by crystallizing anhydrous CaI2 from THF solution
at 253 K. In contrast, when anhydrous BaI2 is crystallized from THF at 253 K, a 7-coordinate
complex is isolated. Suggest structures for the two complexes.
(6 points)
2. NMR spectroscopic data for [AlH(BH4)2]n are consistent with the compound existing in two
forms in solution. One form is probably a dimer and the other, a higher oligomer. Each species
possesses one boron environment, and in the 11B NMR spectrum, each species exhibits a binomial
quintet. The chemical shift of the signal for each species in the 27Al NMR spectrum suggests an
octahedral environment for the Al atom. Suggest a structure for the dimer [AlH(BH4)2]n which is
consistent with these observations.
(8 points)
3. The α-form of SnF2 is a cyclotetramer. Draw and describe its structure and give a description
of the bonding in this tetramer.
(12 points)
4. (a) Salts of the cations As3S4+ and AS3Se4+ have been prepared starting with As4S4 or As-Se
alloys and using (as oxidants) the Lewis acids AsF5 or SbF5. Draw structures for the cations and
anions that are formed in these reactions. (8 points)
(b) What (different) products were obtained upon oxidation of As4F4 by SbCl5, Cl2, or Br2? (6 pts)
(c) How does the structure of the starting material As4S4 differ from its oxidized product, As3S4+?
(4 pts)
5. POCl3 reacts with an excess of dimethylamine to yield compound A as the only
phosphorus-containing product. Equimolar amounts of A and iPrNH2 react, eliminating
dimethylamine to give B (shown below).

(i) Draw the structure of A. (3 points)
(ii) Write a balanced equation for the formation of A from POCl3 and Me2NH.

(3 points)

6. In recent years, hydrogen compounds with light element(s) have been received great attention as
potential fuel source. Compound A (XYH2), and B (XH) are potential hydrogen releasing materials.
Heating A gives a solid compound C and gas D. Gas D turns wet litmus paper to blue. Mix A
and B increase the hydrogen releasing ability. It follows three steps to release hydrogen.
2A
C + D
D + B
A + H2
C + B
E + H2
A mixture of A and B at mole ratio of 1:2 completely releases its hydrogen under catalytic condition.
Total weight lost is 10.4%.
Hydrolysis of A, C, and E produce F and D. G is the binary compound of X and Y. The anion of
G is isoelectron to CO2. Decomposition of G produces E and a colorless gas I.
Write down the formula of A, B, C, D, E, F, G, and I.
7. Is MnCr2O4 likely to have a normal or inverse spinel structure? Describe your reasons in details.
(10%)
8. Explain why most d-block MS compounds have the NiAs structure and only a limited number of
MS compounds has the NaCl structure. (10%)
9. Histidine is a triprotic acid (denoted as H3A2+); its three pKa’s are 2.0, 6.0, and 9.0, respectively.
Histidine is an essential amino acid for animals and plants and its structure in the fully protonated
form is given below:

The solubility of neutral histidine (HA) in water is poor. On the other hand, histidine hydrochlorides
(e.g., HA⋅2HCl) are readily soluble in water. In the following problems, you may neglect the effect
of activity coefficient.
(a) In the structure of histidine shown above, how many central atoms use sp2 hybridization? How
many use sp3 hybridization?
(b) Give the corresponding acid groups in histidine for the three pKa’s.
(c) A 40 mL solution is made by dissolving 4.0 × 10-4 mol of HA⋅2HCl in water. Find the pH of the
solution?
(d) If 0.010 M NaOH is used to titrate the solution in (C), find the pH of the solution after adding 10
mL of NaOH.
(e) If 40 mL NaOH is added in the titration in (D), find the pH of the solution.
(f) The average charge of an amino acid in aqueous solution can be obtained from the charge and
fraction of each species of amino acid. Give the average charge of histidine at pH 6.0.

(g) Give the maximum and minimum average charge for histidine.
(h) If the average charge of an amino acid in solution is 0, the amino acid has no net migration in an
electric field and the pH at this point is called the isoelectric point. Find the isoelectric point of
histidine.
10. Copper ion and histidine (H3A2+) can form stable 1:1 and 1:2 complexes.
Cu2+ + A- → CuA+, K1 = 2.0 × 108; CuA+ + A- → CuA2,K2 = 4.0 × 1010
Copper ion readily forms Cu(OH)2 precipitate in aqueous solution; its Ksp is 3.2 × 10-20. The
existence of histidine and pH value can regulate the concentration of copper ion is solution. Answer
the following questions.
(a) Find the solubility of Cu(OH)2(s) in pure water. Also find the pH of the saturated solution.
(b) For a solution containining 0.064 M Cu2+ and 0.128 M histidine buffered at pH 6.0, find the
concentrations of Cu2+, CuA+, CuA2 and A-. (Hint: you may assume that almost all Cu2+ exists
in CuA2; you can also refer to problem 10(f) for the fraction of A-)
(c) In (b), will [Cu2+] increase, decrease, or be unchanged when the pH of solution is lowered.
(d) In (b), will [Cu2+] increase, decrease, or be unchanged when the concentration of histidine is
increased.
11. This question is about the chemical bonding of CH3+ cation and PH5 molecule
(a) Draw the molecular geometry for CH3+ cation and PH5 molecule, and predict the hybridization
of the central atom according to valence bond theory.
(b)The molecular orbital diagram for CH3+ cation and PH5 molecule are given below. Write the
electron configuration for the two species, and identify the HOMO and the LUMO for each species.

(c) Generally according to valence bond theory, a carbon atom cannot form more than 4 single

bonds. Experimentally the existence of hypervalent CH5+ (carbonium ion), has been observed. How
could valence bond theory explain such phenomenon?
(d)Predict the electron configuration of CH5+. Compare with CH3+ and discuss whether CH5+ exists
according to the molecular orbital theory.
12. The calculation of the residual entropy of an ice crystal is a famous and difficult problem. Each
water molecule has an oxygen atom with two hydrogens covalently bonded (at a smaller distance)
and two hydrogens on other molecules hydrogen bonded to it (at a larger distance). A large number
of coordinate states can be generated by moving the hydrogens around. For example, if one of the
hydrogen-bonded hydrogens is brought closer to a given oxygen and covalently bonded to it, one of
the covalently bonded hydrogens must move farther away and become hydrogen bonded. Make a
crude first estimate of the residual entropy of a disordered ice crystal containing 1.000 mol of water
molecules by pretending that each oxygen can have its four hydrogens move independently of the
others, so long as two hydrogens are close to it and two are farther from it.
13. Estimate the pressure necessary to melt water at 10°C if the molar volume of liquid water is
18.01 mL and the molar volume of ice is 19.64 mL. ∆S for the process is 22.04 J/K and you can
assume that these values remain relatively constant with temperature. You will need this conversion
factor: 1 L⋅bar =100 J.
14. All liquids have characteristic vapor pressures that vary with temperature. The characteristic
vapor pressure for pure water at 22.0°C is 19.827 mmHg and at 30.0°C is 31.824 mmHg. Use these
data to calculate the change in enthalpy per mole for the vaporization process.
15. At suitable temperature range, the reaction mechanism of hydrogen chloride and propene
includes three steps:
(1) HCl + HCl
(HCl)2
K1
(2) HCl + CH3-HC=CH2
complex
K2
(3) (HCl)2 +complex → Ch3-CHCl-CH3 + 2HCl
kr (slow)
Where K1 and K2 are the equilibrium constants for step (1) and (2); respectively. The rate constant
for step (3) is kr.
(a) Write the reaction equation for hydrogen chloride and propene reaction.
(b) What is the rate law?
(c) Express rate constant (k) by K1, K2, and kr.

16. The intrinsic viscosity, [ and its
relation to molecular mass of polystyrene in a dilute
cyclohexane solution is shown on right.
Mark-Kuhn-Houwink-Sakurada equation
[η] = KM va (The unit of [] and Mv are cm3/g and
g/mol; respectively) was used to describe their
relationship.
(a) What is K and a in the equation according to the
figure.
(b) If a solution has [] = 100 cm3/g, what is the Mv
for the polystyrene in the solution?
17. The cis-trans isomerization of Cr(en)2(OH)2+ is as follow:

where k1 and k−1 are the forward and reverse rate constants, respectively. At 25oC, the equilibrium,
K = 16. The relaxation time, , was measured by relaxation method to be 290 s. Calculate k1
and k−1.
18. Answer the questions about the following reaction scheme.
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(i)

What would be the reagents A and B? (Choice one correct answer)

(a) A: (CH2OH)2, H+; B: H2CrO4, CH3COCH3
(b) A: (CH2OH)2, NaOH; B: H2CrO4, CH3COCH3
+

+

(c) A: (CH2OH)2, H ; B: K2Cr2O7, H , H2O
(d) A: (CH2OH)2, NaOH; B: K2Cr2O7, H+, H2O

(ii) Which of the following conditions would be appropriate for D? (Choice one correct answer)

(a) m-ClC6H4CO3H
(b) O3, then Zn
+

(c) K2Cr2O7, H , H2O
(d) CrO3-2 pyridine

(iii) Draw the structural formula of C (5 pts), E (5 pts) and F (5 pts).
(iv) What would be a possible structure of intermediate G? (Choice one correct answer)
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19. A product H was isolated from the following reaction. The 1H NMR of H is shown below. Write
the structural formula of H. (5 pts)
Cl
AlCl3

20. A product J was isolated from the reaction of aniline with excess bromine. The 1H NMR is
shown as follow. Identify the structure of J. (5 pts)
NH2
excess Br2

21. (i) Which of the following compounds shows the highest reactivity toward electrophilic
aromatic substitution? (5 pts)
(a)

(b)

(c)

(d)

O

O

OCH3
OCH3

NO2
CH3

(ii) Which of the following is correct? (5 pts)
(a)

CO2H

(b)

1. Cl2, FeCl3
2. KMnO4

(c)

1. CH3COCl, AlCl3
2. Zn/Hg
3. HNO3, H2SO4

Cl

1. HNO3, H2SO4
2. CH3Cl, AlCl3

Cl

3. SnCl2, H+

Cl

4. NaOH, H2O
NO2

CH3
NH2

(d)

NO2

1. CH3COCl, AlCl3
2. HNO3, H2SO4
3. H2/Pd
O

22. Longifolene (C15H24) is the common name of a naturally occurring, oily liquid hydrocarbon
found primarily in the high-boiling fraction of particular pine resins. Chemically, longifolene is a
tricyclic sesquiterpene. One of the synthesis of Longifolene started with treatment of methyl vinyl
ketone (A) and 2-methylcyclohexa-1,3-dione (B) to give C. Reaction of C with base produced D
(elemental analysis of D: C,74.13%; H, 9.01%; O, 23.85%) which was treated with ethylene glycol

in acid (TsOH) to afford E (C13H18O3). Compound E reacted with Ph3PCHCH3 followed by
mixing with OsO4 to yield F (C15H24O4). Compound F was first treated with TsCl in base and then
the mixture was heated in LiCO4/CaCO3/solvent to generate a ring expansion product G (C15H22O3).
Treatment of G with HCl(aq) at 100 oC produced H (C13H18O2). There are four significant peaks
around 210, 199, 150 and 130 ppm on its C-13 NMR spectrum. Compound H underwent a
cyclization reaction at high temperature in a sealed tube to yield I (C13H18O2), which was then
reacted with methyl iodide to give diketone J (C14H20O2). Diketone J underwent few steps to
furnish Longifolene (C15H24). Draw the structures for C, D, E, F, G, H, I and J (3 pt each for C to I,
4 pt for J)
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23. Thromboxane (C21H34O4) is a vasoconstrictor and a potent hypertensive agent, and it facilitates
platelet aggregation. It is in homeostatic balance in the circulatory system with prostacyclin, a
related compound. The mechanism of secretion of thromboxanes from platelets is still unclear.
There are two well-known types of the drug: Thromboxane A2 and Thromboxane B2. The
following is a synthetic approach to Thromboxane A2. Treatment of 2,4-pentadien-1-olwith R3SiCl
under basic conditions gave an intermediate which was immediately subjected to the mixture of
Cl3COCl/Zn. The reaction was heated to afford compound A (elemental analysis of A: C, 43.33; H,
3.64; Cl, 36.54; O, 16.49). Compound A was reacted with Zn-Cu and the resulting mixture was
mixed with MeOH in acidic conditions to generate B (C9H16O3)。 Compound B was then treated
with MeC(OEt)3under acidic conditions followed by addition of 1.0 M HCl(aq)produced C
(C11H16O3). Reaction of C with NaBH4 in MeOH yielded D (C11H18O3)。D was treated with
Hg(OCOCF3)4 followed by addition of I2 to yield E (C11H17IO3)。 Reaction of E with NaN3
afforded F (C11H17N3O3)。 Compound F was further treated with FSO3Me followed by mixing with
a buffer solution (pH = 4) to afford G (C11H16O4). G shows peaks at 9.5 and 200 ppm on 1H and 13C
NMR spectra, respectively. G was first treated with (MeO)2P(O)CH2CO(CH2)4CH3 then with

Zn(BH4)2. to give compound H after aqueous work-up and separation on flash column
chromatography. Compound H was then treated with DIBAL-H (a hydride donor) at - 78 oC, then
with Ph3PCH(CH2)3CO2- followed by aqueous work-up to generate Thromboxane A2(C21H34O4)。(3
pt each for A to G, 4 pt for H)

24. Draw the mechanism and product of each reaction.

(21 points)

25. Draw the mechanism of an amino acid with ninhydrin and explain why ninhydrin can be used to
detect an amino acid. (10 points)

26. Draw the reaction formula of D-glucose with phenylhydrazine including the products and
stoichiometry coefficients. Why D-glucose, D-mannose and D-fructose give the same osazone
product? (9 points)

Round 4 Answers
1. (total 20 pts) (3 pts)

(3 pts)

(3 pts)

(3 pts)

A: LiNH2

B: LiH

C: Li2NH

D: NH3

(2 pts)

(2 pts)

(2 pts)

(2 pts)

E: Li3N

F: LiOH

G: LiN3

I: N2

2. (10 pts)
Normal spinel. In octahedral site, Cr3+ (d3) has large LFSE and Mn2+ (d5) has no LFSE.
Therefore, MnCr2O4 tend to form normal spinel structure.

3. (10 pts)
Most of the transition metal 2+ ions are soft.
structure than the hard NaCl ionic structure.

Soft-soft interaction (M2+─S2─) tend to form NiAs

4. (10 pts)

5. (10 pts)

6. (12 pts)
The solid state structure of α-SnF2 consists of puckered
Sn4F4 rings with each Sn being trigonal pyramidal
consistent with the presence
of a lone pair. Each Sn has
an empty orbital and thus
behaves as a Lewis acid,
which accepts electron
density from the lone pairs
of its neighboring F atom.

7. (total 18 pts) (i)(8 pts)

(ii) (6 pts)
The reactions of SbCl5, Cl2, and Br2 produce AsX3,S2X2 (X = Cl, Br)and sulfur.
(iii) (4 pts)

8. (total 10 pts) (i) (5 pts)

(ii) (5 pts)

9. (total60 pts) (a) (6 pts)
5 sp2, and 5 sp3 hybrids.

(c) (8 pts)
10− 2 =

x2
; x = [H+] = 6.2 × 10-3 M;
0.010 − x

pH = 2.21

(b) (6 pts)

–COOH: 2.0;
(d) (8 pts)
10 − 2 =

-NH+: 6.0;

-NH3+: 9.0

x(0.0020 + x)
; x = [H+] = 4.8 × 10-3 M;
0.0080 − x

pH = 2.32

(e) (8 pts)
[H + ] =

10−2 ⋅ 10−6 ⋅ 0.0050
= 5.8 × 10−5 M
−2
10 + 0.0050

pH = 4.24
(f) (8 pts)
[H+]3 + K1[H+]2 + K1K2[H+]+ K1K2K3 = 10-18 + 10-14 + 10-14 + 10-17 = 2×10-14
α(H2A+) = α(HA) = 0.5; (the percentage of H3A2+ and A- may be neglected.)
average charge = +0.5
(g) (8 pts)
largest = +2; smallest = -1

(h) (8 pts)
When [HA+] = [A-], pH = (pK2 + pK3)/2 = 7.5
(α = 0.03, 0.94, 0.03 for H2A+, HA, A-；average charge = 0)

10. (total 40 pts)
(a) (10 pts)
Ksp = 4x3; Solubility = [Cu2+] = x = 2.0 × 10-7 M;
[OH-] = 2x = 4.0 × 10-7 M; [H+] = 2.5 × 10-8 M; pH = 7.60

(b) (20 pts)
Cu2+ + 2A- → CuA2，K = 8.0 × 1018；[CuA2] ≅ 0.064 M；
α(A-) = 5 × 10-4 at pH 6.0 (1(F))；2[Cu2+] = [A-]/α(A-)；[Cu2+] = x；[A-] = 10-3x；
K=

K1 =

0.064
= 8.0 × 1018 ；[Cu2+] = 2.0 × 10-5 M； [A-] = 2.0 × 10-8 M
−6 3
10 x

[CuA+ ]
= 2.0 × 108 ；[CuA+] = 8.0 × 10-5 M
2+
−
[Cu ][ A ]

(c) (5 pts)

(d) (5 pts)

[Cu2+] increase

[Cu2+] decrease

11. (共 20 pts) (a) (4 pts)
CH3+: trigonal planar, sp2,
PH5, trigonal bipyrimidal, dsp3
(b) (6 pts)
CH3+ : (1a1’)2(1e’)4,
2

HOMO=1e’, LUMO= 1a2’’
2

4

2

PH5 : (1a1’) (1a2’’) (1e’) (2a1’) ,

HOMO=2a1’, LUMO= 2e’

(c) (5 pts)
It can be explained by the “resonance” in the valence bond theory.
(d) (5 pts)

CH5+ : (1a1’)2(1e’)4(1a2’’)2
Compare to CH3+, CH5+ have one more molecular orbital occupied, the 1a2’’ molecular orbital,
which is a bonding molecular orbital so if CH3+ is stable (bond order > 0 ), the CH5+ should also
be stable enough to exist.

12. (20 pts)
1. There are 2NA hydrogen atoms in a mole of ice.
2. Each hydrogen atom has the choice of two positions along its O--O axis. There are 22N
microstates.
3. Extra constraint: each oxygen atom has only two attached hydrogen atoms.

4. If there is no constraint, there are 24=16 possible of arrangements for each OH4 group:
5. The number of microstates:

residual entropy is:

13 (10 pts)
Clapeyron equation:
dP ∆S
=
dT ∆V
∆P
22.04 J/K
=
−10K −1.63 × 10 −3 L
∆P = 1.35 × 10 3 bar

14. (10 pts)
From Clapeyron equation
dP ∆S
∆H
∆H
=
=
≈
dT ∆V T∆V TVgas

plug in the data from question,

ln

19.827
∆H  1
1 
=−
−


31.824
8.314  295.2 303.2 

and ideal gas law: V = RT / p
dP ∆H⋅ p
dp ∆H dT
=
=
⋅
2 ⇒
dT
RT
p
R T2

integrate, we get
p
∆H  1 1 
ln 1 = −
 − 
p2
R  T1 T2 

we get:

∆H = 44.010 J/mol

15. (total 16 pts) (a) (3 pts)

(b) (8 pts)

(c) (5 pts)
k = kr K 1 K 2
16. (共 14 pts) (a) (8 pts)
[η] = KM va
ln[η] (cm 3 /g) = ln K (cm 3 /g) + a lnM v (g/mol)
= ln K (cm 3 /g) + a ln(1000) + a lnM v (kg/mol)
= ln K (cm 3 /g) + ln103a + a lnM v (kg/mol)
= ln 103a K (cm 3 /g) + a lnM v (kg/mol)
plot of ln[] (cm3/g) vs lnMv (kg/mol)
-- slope = a = 0.49999 = 0.5
-- intercept = 1.0028 = ln(103a K)
K = 10 −3a e1.0028 cm 3 /g = 10 −3×0.5 × 2.7181.0028=8.6 × 10 −2 cm 3 /g

(b) (6 pts)

[η] = KM va
[η] 1/a
100
Mv = (
) g/mol = (
)1/0.5 g/mol = 1.3 ×106 g/mol = 1.3 ×106 g/mol
K
8.6 ×10−2

17. (10 pts)

k-1 = 2.97 x 10-3 s-1
k1 = K k-1 = 0.16 k-1 = 4.76 x 10-4 s-1

18. (5 pts each，total30 pts)

(ii) (d)

(iv)

E:

F:

(c)

(i) (a)
(iii) structure formula

C:

19. (5 pts)

20. (5 pts)

H

J

21. (5 pts each，total 10 pts)
(i)

(ii)

(c)

(d)

22. (3 pts (J 4 pts)，total 25 pts)

C:

D:

E: C13H14O2

F:

G:

H:

I:

J:

23. 3 pts (H 4 pts), total 25 pts

A:

B:

C:

D:

E:

G:

G:

H:

24. (各 7 pts，共 21 pts)

25. (10 pts)

26. (9 pts)

27. (total 40 pts) (a) (8 pts)

The Genetic Code
codon 2nd base
A

G

C

U

codon

A

Ala

Glu

Trp

Ile

1st base

G

Gly

Lys

Stop

Phe

C

Pro

Arg

Leu

Asn

U

Tyr

Val

Ser

His

(b) (6 pts)

(5’) GA AG GG CU AU CC UU AU CA AA GC

(c) (4 pts)

Gly- Glu-Lys-Asn- Ile- Leu- His- Ile- Pro- Ala- stop

(d) (4 pts)
The codons translate to Stop- His- Tyr. No peptide would be produced, because of the stop codon.
(e) (6 pts) Two distinct proteins of these sizes should require mRNA of 240 and 160 base pairs,
because each amino acid residue requires 2 bases pairs to code for it.
(f) (6 pts) No homology means that the smaller protein cannot be derived from the larger by
proteolysis; if it were, there would be 80 amino acid residues of identical sequence in the two
proteins. One possible explanation is that the tow genes coding for these proteins overlap and are
read in different reading frames.
(g) (6 pts) Lysine MW=146; when it condenses loses H2O MW=18 to form a peptide bond, the
resulting residue contributes 146-18=128
128/1.05%=12190
28. (total 20 pts) (a) (2 pts) The bacterial DNA solution has the higher Tm because it has the
higher G + C content. G-C basepairs have 3 hydrogen bonds whereas A-T basepairs have only 2.
(b) (2 pts) The DNA molecules are partially denatured; in each molecule approximately 50% of
the DNA is singled-stranded and 50% is double helical.
(c) (4 pts)

(d) (6 pts)

Lower ionic strength reduces the screening of
the negative charges on the phosphate groups

by positive ions in the medium. The result is
stronger charge-charge repulsion between the
phosphates, which favors strand separation.
(e) (6 pts)
Chain termination will result because cordycepin 5' triphosphate lacks a 3' hydroxyl, which is
required for 3'-5' phosphodiester bond formation.

