11" BALTIC CHEMISTRY OLYMPIAD

RIGA, APRIL 25-27, 2003
SOLUTIONS

PROBLEM 1

Percentage of space occupied by spheres in the fcc arrangement:
(4 %413 xpri)/(4x%/(2Y?))3= p/(3%2Y2)) = 0.740
Total volume of the layer formed by 1 mol of peas:
V= (6,02 x10?® x4/3 xpr’)/0,740 = 9.20 x10%° m?
V =4/3 p(R:° - R1%),
where R; - the outer radius of the layer of peas,
R; - the inner radius of the layer of peas.
The inner radius R; can be calculated from the surface of the Earth:
R1 = (S/(4p))Y? = 6.370597 20° m.
Ro= ((V + 4/3 p R3)/(4/3 p))*° = 6.370777 20° m.
The thickness of the layer d =R, - R; =180 m.

The correct answeris b.

Lupine would fit into the octahedral holes, which can accommodate particles with the
diameter up to 0.414 x6 = 2.5 mm.
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i) structures A and B

iii) angle H-N—-N between 120° and 109° angle N-N-N 180°
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PROBLEM 3
a) n(iHe) = (226 - 206) x4 = 5
n(b) =5x2 - (88 - 82) =4
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1580 year >365,25 day / year _ m(Ra) 210 g/mol
138,8 day ~ 226g/mol 10% g

1580 year 365,25 day/year 1072 g

m(Ra) = 1388 day 210 g/ mol X226 g/mol =4,47g

1t
m(ore) =4,47 g xm =319t» 32t

d) *°Ra = % Po+4a +4b
Dm=4 x0,00055 u + 4 x4,00273 u + 209,98286 u - 226,0254 u= -0,02942 u

-3

10~ g
Dm= —————— - 0,02942 u x1 I = -1,4040°7
e) Dm 210 g/ mol 0,02942 u x1 g/mobxu 4040 g

DE =-1,40407° kg x9,0 0% m?s? = -1,2640" J = -1,2640% kJ » -1,340% kJ

PROBLEM 4
a) For the reaction (1) E, =E°(Ag" /Ag) +%>¢In c(Ag™)
For the reaction (2) E, =E°(I" / Agl / AQ) - %xm c(17)

The equilibria are established on the same electrode, therefore E; = E;
E°(Ag*/Ag) - E°(1" / Agl / Ag) = - gln[c(AgW c(37)]
The solubility product L = ¢c(Ag™)-c(I)



b)

gL = 0152- 0799 _ 000
0,0591

Ag(s) + H' (sol) U Ag+(sol) + 0.5 H (g) (3)

L =8,1340

0,799 + 0,0591%g c(Ag") = 0 + 0,0591xg 1
- 0,799

Ilg c(Ag") = ! =-1352

9chg) 0,0591

c(Ag+) = 1032 mol/dm?

As the product of ions concentration in solution c(Ag*)-c(l) = 103°2 1

is remarkably higher than the solubility product 8.13-10"Y7, the Agl is precipitated, shifting
the equilibrium from left to right. Thus, thermodynamically both the dissolution of silver and
the evolution of hydrogen are possible.

c) The reaction (3) is hindered by the formation of passivating Agl film and polarization
phenomenon due to the H; evolution.

PROBLEM5
1. Amount of seleniousacidn=m/M=1.29/129 =0.01 mol
2. Concentration of solution: ¢, =n/v=0.01/0.1=0.1 mol/|
3. Amount of NaOH in each portion (5 ml): n=c.v=0.005* 1 = 0.005 mol
4. pH values are determined by protolytic equilibrium in water solution. Different

protolytic systems created from selenious acid and hydroxide ions should be
analyzed solving this problem. Formulas for calculation of pH in different protolytic

systems may be memorized or derived from corresponding chemical equilibria.

No. | Total volume | Equation of reaction Formula for calculation | Calculated
of NaOH of pH (see for comments | pH value
added, mL below)
1. 0 H,SeO3+H,0 = (weak acid in water) 1.81
HSeOs + H3O" pH= % (pK1- Ig ca)

2. 5.00 H,SeOs+ OH > (buffer system) 2.62
HSeOs3 + H,O pH=pK1 +1g (cg / Ca)

3. 10.00 H,SeOs+ OH > (amphyprotic substance)
HSeOs + H,O pH= % (pK1 + pKy) 5.47

4. 15.00 HSeOzg' + OH - | (buffer system) 8.32
S5e0s™ + kO pH=pKz +1g (c / ca)

5. 20.00 HSeO; + OH - | (weak base) 10.66

2-

6. 25.00 OH' (excess) (strong base) 12.70

pH= 14 +1Ig cg




Comments.

1. Concentration of protolytes determining pH values(mol/l): 1) HSeO;3; 0.1; 2) HBbSeOs
0.05, HSeO3 0.05; 3) HSeOs 0.1; 4) HSeOs 0.05, SeOs* 0.05; 5) SeO;* 0.1; 6) excess
of OH 0.05.

2. If changes in solution volume was taken in consideration, calculated pH values are
slightly different.

PROBLEM 6

The reaction schemes indicated a-e are as follows:

HOOCHZC/Q\COOH - HOOCHZC/(K}\COOH (A)

| a -
CHa HsC CHy |

HOOCHZC/@\COOH —_ (CH3)2NC|:HCH20H:CHCOOH B
HeC  CHs I CH,COOH

+
(CH3),NCHCH,CH=CHCOOH — (CHz)3NCHCH,CH=CHCOOH C

CH,COOH ' CH,COOH

+
(CH3)sNCHCH,CH=CHCOOH — HOOCCH,CH=CHCH=CHCOOH + (CH3)sN
- D
|
CH,COOH Ho/Ni
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Oxidation of tropinone leads to ring reopening.

Reduction of tropinone gives two isomeric alcohols, namely tropine and pseudotropine,
which differ in exo- or endo-position of hydroxyl group. The first is converted to tropine
under basic conditions.

Sythesis of tropinone from hygrine is shown in the last sheme. Oxidation leads to
hydrogen abstraction with subsequent enolization of ketone and the following cyclization.



