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International Chemistry Olympiad (IChO) has been annually held since
1968. This study is the second trial of intensive analysis and quality
evaluation on the questions on radiochemistry and nuclear chemistry

appeared in the series of IChO contests from the 26" to the 50™.
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In 1894, Lord Rayleigh reported that the mass of chemically prepared
nitrogen was different from that of nitrogen extracted from the
atmosphere, as shown in Tables 1 and 2. Later, this difference was
attributed to the presence of argon in atmospheric nitrogen. The masses of
gases were measured by using a glass vessel with a known volume under

atmospheric pressure (1.013 - 10° Pa).

Table 1. Mass of Chemical Nitrogen in the Vessel

From nitric oxide 23001 g
From nitrous oxide 22990 g
From ammonium nitrite purified at a red heat 22987 g
From urea 22985 g
From ammonium nitrite purified in the cold 22987 g
Mean 22990 g

Table 2. Mass of Atmospheric Nitrogen in the Vessel

02 was removed by hot copper (1892) 23103 g
02 was removed by hot iron (1893) 23100 g
02 was removed by ferrous hydrate (1894) 23102 g
Mean 23102 g
11 A%
12 AW

Ramsay and Cléve discovered helium in cleveite (a mineral consisting
of uranium oxide and oxides of lead, thorium, and rare earths; an impure
variety of uraninite) independently and virtually simultaneously in 1895.

The gas extracted from the rock showed a unique spectroscopic line at
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19  around 588 nm (indicated by D3 in Figure 1), which was first observed in

20  the spectrum of solar prominence during a total eclipse in 1868, near the

21

22

23 Figure 1. Spectral lines around 588 nm

24

25 13 AW

26 14 AR

27 15 Which equation explains the occurrence of helium in cleveite among
28 [A] to [D] below? Mark one.

29 - [A] ®U — #*Th + a

30 - [B] UHe: — U + 2He

31 - [C] #U — 2ONp + £~

32 - [D]%U +n — PY +¥] + 2n

33 Argon is also found in minerals such as malacon.

34 16 Which equation explains the occurrence of helium in cleveite among
35 [A] to [D] below? Mark one.

36 [A] ArFy = Ar + Fe

37 [B] ArXe — Ar + Xe

38 [C]“K — “Ar + ¢/ " (electron capture / positron emission)

39 [D] T — %Ay + B~

well-known D1 and D2 lines of sodium.
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40

41 One of the strongest evidences for the monoatomicity of argon and
42 helium is the ratio of the heat capacity under constant pressure to that at
43 constant volume, y= Cp / Cy which is exactly 5/3 (1.67 = 0.01) for a
44 monoatomic gas. The ratio was derived from the measurement of speed of
45  sound vs by using the following equation, where fand ./ are the frequency
46 and wavelength of the sound, and £ 7, and M denote the molar gas
47  constant, absolute temperature, and molar mass, respectively.

48 Vo=1f 1 =(yRT/M"

49 For an unknown gas sample, the wavelength of the sound was
50  measured to be 4/ = 0.116 m at a frequency of 7= 3520 Hz (Hz = s™!) and
51  temperature of 150 ° C and under atmospheric pressure (1.013 - 10° Pa).
52 The density z of the gas for these conditions was measured to be 0.850 +
53  0.005 kg m=.

54
55 17 A&
56 18 A
57 19 &ug
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FER D jury meeting “OFETR & FAGERDFER L EOVEEPVLETH o720 2D
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TOEETHET UL R Z DT ATHRIR L7z I IChO 42 OB O BHEO
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QUESTION 10
Identify particle X in each of the following nuclear reactions:

a) $5Zn + on — PNi + X alpha (), beta (), gamma (), neutron ()

c) MgPb — 2MgBi + X alpha (), beta (), gamma (), neutron ()

1

2

3

4 b) ¥5Te + 4H — Bl + X alpha (), beta (), gamma (), neutron ()
5

6 d)®uNa + on — *Na + X alpha (), beta (), gamma ( ), neutron ()
7

e) %F + Lon = F + X alpha (), beta (), gamma (), neutron ()

W T, a Xy bERRT (3,
% 3. IChO 35 (2002) Z=:CR%F Section A, Question 10 (C2WVWTOAX > b

&% 3 H & IAL R

3 UG FIBADBERHOMNT 68+1=69, ERmRAEA A 5 PR F OB
134 %07T, a

4 KOG BUS% DB OMIE 130+2=132, BERAFA 2 & A7 o
B3 1 20T, R ion

5 Y HEREIEDS LA, HFHFSHR 50T g%

6 G HEf, ML b ICED RO T, y Rt

7 i HEH WEL DB 2O T, y#hiuh
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Hbo T, MELIILTOMY

£ 35 IChO ToOE (L7 ¥ = ¥ B : WHfLy)

1 PROBLEM 25 MUON

2 The muon (u) is a subatomic particle of the lepton family which has same
3 charge and magnetic behavior as the electron, but has a different mass and
4

is unstable, ie., it disintegrates into other particles within microseconds
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after its creation. Here you will attempt to determine the mass of the muon

using two rather different approaches.

5
6
7 a) The most common spontaneous disintegration reaction for the muon is:
8 u—et+t vet vy

9

where v . is the electron antineutrino, and v the muon neutrino. In a

10 given experiment using a stationary muon, v. + v, carried away a
11 total energy of 2.000x 10" J, while the electron was moving with a
12 kinetic energy of 1.4846 X 10! J. Determine the mass of the muon.

13 b) Many experiments have studied the spectroscopy of atoms that have

14 captured a muon in place of an electron. These exotic atoms are formed
15 in a variety of excited states. The transition from the third excited state
16 to the first excited state of an atom consisting of a 'H nucleus and a
17 muon attached to it was observed at a wavelength of 2615 nm.
18 Determine the mass of the muon.

AT, aXr MERT (E4),
% 4.1ChO 35 (2002) ZEECRIRE Section B, Problem 1 {Z2WTMOaX > k

%5 3 B a X b

2H,56 ST a2t COWEEMBEIIOWTOHM, Bt EEEL:
HMTH BH IEI 24 v SWEEIEZR &S THEDNLTRIZOT,
COMBETHY) EIFTw200H8I 2ty ThHr I L2 HRLT
HTENLEFE L\,

77512 |HE (a) 32t VOBRBIIIAVFEFICHRETELDT, 2t U5
B L-EFOERICHLT AT ANT - =Za— 1) /o5
) IFNF—DHBME LTI 24 Y OEEAIEMO T A )L F—
LLTHIBITE S,

TV F—EHESEMAIC OV TOBESLETH S,
134518 |HHE (b) Iaty (BAIatrauiRed %) & BFobhic, H
DIFEFH% & OMENEH T H RO P A 2 TR T 5 0 B
IR — 7RI 7 &2 3D KR FE O A8 & AR 7 S
VX 2T ATHEHLTWAEZ DL, EHHOKEFETFORF A
R MVOWPEEEZRD DL Z LIIWRETH 5,
FEHICEL-OI2IE, BTOEE Y I 2+ Y OE=EICE SR Z
L EDRT AR M VOREED 2615nm TH 5B 2 L IZKD <L
VENRD D,
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D&z, k7 v ay B WE LA Problem 25 (& u T (I 24 ) 12
DWTOHEMTH D, I a4 YPEFEABIILVT I O—HTHDZ LA
LHMPILDOE, I 24 VOREBEROL1DOZOOFENFHS I, FheEh
DHETHREZEN T2 I EPWENETH L. I 24 21220 T, IChO %
INEOERER 2 S B ) F 25 ATIRECHY) EFsnTunianizon, BE
LB LE L b Tz, BIREED S S SINEN SR EAR S b i
HHBEEIOBE L 2D L) GNBEDPEENL2OEETH 5,

I 2t Y O-RERD B IFHEISOWTIESCHR [3] 12D EABI L L ToRil D
b0 ATIE, EHICK4OT XY MM THEFHEZINA 20 ZANVF—HE
EMAPETEE & T AV F—UER L OBRE & BRALSET ) F 25 2 OfipH
BRIV TOMETHL I LIZEHTH S, FREMOIDICHES N
HEfFEE O T, REICERT 2 L ASN L HEIRROE) TH 5,

1 THEORETICAL PROBLEM 1

2 Proton - antiproton atom

3 Experimental and theoretical work has shown that for each of the
4 fundamental particles such as protons (p) and electrons (e) there exist
5 antiparticles which differ from their counterparts usually in one property
6  only, but have the same mass. Antielectrons (or positrons) are positively
7  charged, whereas antiprotons (B) are negatively charged.

8 Antimatter composed of antiparticles had not been observed until very
9  recently. Antihydrogen consisting of positrons attached to antiprotons was
10 created in laboratories in 2002 (Nature 419, 456 (2002)). An even more
11 exotic form of an atom would consist of a combination of a proton and an
12 antiproton (pg).
13 11
14 i) Assuming that the pE atom is hydrogen-like, calculate: what is its
15  ionization energy and its Bohr radius,
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16 i) what is the wavelength of the transition from the ground electronic state

17 to the first excited state.

B - B TR DA & ZF D% DTS2 TiE IChO 35 DRFTAED 2002 4125
RINFZZEDN) TH ot B F-EFHO 7 —0 YHEEMZ: L2 X 5 HHETO
et R=7E7 N4 &S CEFHEE LT BIETIEERILYE ) 2
FAZORY ANSN TRz, A 2 F > OERIIE LABHHTFTHLET &
ORI Thb, Z LT, WHFTIZANF -2 Lo TRIZAI 24 VK
FOBRETHIHE ST, BETHET & SIFENSIREE 22 2 & 3HHERILC
F & CHBNT W7z, 2002 4E12B5F & BT DR AR S 2B ©. k3R
JFEF-OR—=TETIWVOPIRMPRER AT & LT, BRI 24+ VM <, Bf
SRR SN TH %,

M-8 24 D% % IChO THEL. GTF-KBHTORICOWTOELDEM
13 IChO DH#EMFRIE L L CTIRIRT % &) %, BREOIEEIZS 2> TDEZH
DE)THbHo BEALFED S ) F 25 5 THEER KR — 7 EFIVORH % B &
T5E, BT ORITEEMIIIETF-AI 24 Y ORICHTHBE LT
WERLND, TF. HEMBERE T, TRLURIASHATRIEAERTFOR—TE
TVOBEFOEREGT LS LTHT-RETROI A F MR, #EE
HhEhRRDDZ LT HEDIChO TRETFEXBTOHRHOEEZHFHOHAI o
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1 THEORETICAL PROBLEM 11
2 Radioactivity and chemical reactivity

3 11.1 Give a “yes” or “no” answer to the following questions:

20
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i) Is the 1y -radiation of radioactive objects electromagnetic in nature?
ii) Do any non-radioactive exist with atomic number greater than 837
iii) Do any radioactive isotopes exist with atomic number less than 827
iv) Do noble gases form compounds with other elements?

v) Is Cs the most easily ionizable non-radioactive element?

RBGRED & O 7 AN DWW T OB 2 A# A MO METH 5, IChO 35
TldE 72 ary ABEIOICHLBEIEEEL TWDE BIZIENHD. 2, #
DD IChO TOHEFIZ S EN o7z AR END (B2 I/ iv IZBICRfE S5
IChO 42 T MEEM OMFEE VR — 1),

THEORETICAL PROBLEM 12

Carbon dating

1C is a B radioactive isotope of carbon with a half-life t, = 5700 y. It
exists in nature because it is formed continuously in the atmosphere as a
product of nuclear reactions between nitrogen atoms and neutrons
generated by cosmic rays.

We assume that the rate of formation has remained constant for
thousands of years and is equal to the rate of decay, hence the amount of
“C in the atmosphere has reached steady state. As a result “C
accompanies the stable isotopes C and C in the atmosphere and
participates indistinguishably in all carbon chemical reactions. It forms CO:
with oxygen and enters all living systems through photosynthesis under
constant “C/"“C isotopic ratio, labeling the organic molecules.

This fact is used for dating samples of biological origin (e. g, silk, hair,
etc.) which have been isolated by some way after the death of the organism
(e.g., in an ancient grave). The “C/“C ratio in these samples does not
remain constant, but decreases with time because the “C present is

disintegrating continuously.
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The specific radioactivity of *C in living systems is 0.277 becquerel per
gram of total carbon [1 Bq = 1 dps (disintegration per second)]

12.1 Calculate the age of an isolated sample with a “C/**C ratio which is
0.25 that of a contemporary sample.

12.2 What happens to a *C atom when it disintegrates?

12.3 What do you expect will happen to a “C containing organic molecule
(e.g, DNA, protein, etc) of a living organism when this #C atom
disintegrates.

12.4 Calculate the radioactivity of a 75 kg human body due to “C and the
number of “C atoms in the body, given that the amount of total carbon is

about 185 %.

IChO 16 TOHEFFIOFF L &0 T MC AERNESR: & ZDIGHICO VT OH
[RaEDDLHNFEL o> TVL BN THRBVHFHEEMII > TWDE L HIZE),
7L, F0BE. ZOFETH IChO TOHEIZMA STV,

THEORETICAL PROBLEM 13

Uranium

Uranium (U, Z = 92) is a naturally occurring radioactive element which
occurs as a mixture of #8U (99.3 %, ti2 = 447X 10° y) and U (0.7%, 2 =
7.04 x 10® y). Both radioisotopes are alpha emitters and were created at the
time of nucleosynthesis. Their decay is followed by a different sequence of
alpha (‘He:") and beta () disintegration's, which lead through successive
transmutations of intermediate radioactive products to stable lead isotopes,
26Ph and ?7Pb, respectively (Pb, Z = 82). These sequences form two (out of
a total of three) so-called radioactive series. Gamma radiation, which
appears in various disintegrations, does not affect the transmutations.

25 is less stable than 2U and reacts more easily with thermal neutrons

to undergo fission, a fact which makes U a suitable fuel for nuclear
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14 reactors. The fission reaction is as follow:

15 25 + n — U* — fission products + 2-3 n + 200 MeV / nucleus **U

16 13.1 Calculate the total number of alpha and beta particles emitted in
17  each of the two complete natural radioactive series (*¥U — 2%Pb and #*U
18— 27pp).

19 13.2 Explain why in both radioactive series some chemical elements
20 appear more than once.

21 13.3 Assuming that the initial isotopic abundance (i. e. at the time of
22  nucleosynthesis) was equal for the two uranium isotopes (**U:¥U = 1:1),
23 calculate the age of the Earth (ie, the time that has elapsed since
24 nucleosynthesis).

25 134 Calculate the amount (in g) of carbon required to release energy
26 equal to the energy released by the complete fission with neutrons of 1g
27 25U, using to the following oxidation reaction:

28 C + 02 —=CO; + 3935 kJ mol™ (or 4.1eV / molecule)

T v DRGAR & BEHEERTNZ DO W T OIERNE %2 55 ) 5 B 5 72
OOFHEMEE L THB SN TW5, IChO 35 TIEEHEMMRT % MEHIZ 2o 72
A BWHEBAMBEE L L UL AR ANETH 5,

BB RFIBRLIZ DV TIIEHERIE S & T, IChO 35 DAk, B o HEs
372\ IChO 33 2%tk & % o CTldvrbo LA L. £ E TORGHEZA RYIBAE
ZOWTOHEREEY LZNEL > TRE I END, TOFHEEPIICFE
RIZEFRVEMTH %,

LSBT S A 4 R F5EH % IChO Tid LIE LIZHLY RiFCR7ze BUHME5
WTIETY 74— FICE 2 7 RT FOodue S BmH ) FiF STz nid
BIEE2 L9 (FD. JHUIDWTH, IChO 35 DHEMGRIEIZSE L 72 % EH
ERAL TS, 20L& 912, IChO 35 DEMREILE N F TOMGHLFHED
MENELT I TCOMEE L >TBY), HEHIREABETH S,

& T, HAMZINO IChO 35 £ L THAMBfED IChO 42 iE, T DHEOHAD
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