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1 A) The element carbon consists of the stable isotopes “C (98.90 percent of
2 atoms) and *C (1.10 percent of atoms). In addition, carbon contains a small
3 fraction of the radioisotope “C (4,2 = 5730 years), which is continuously
4  formed in the atmosphere by cosmic rays as CO. *C mixes with the
5 isotopes *C and "C via the natural CO: cycle. The decay rate of “C is
6  described by (V= number of *C atoms; ¢ = time; 4 = decay constant):

7 decay rate=—dN/d= AN (1)

8 Integration of (1) leads to the well-known rate law (2) for the radioactive
9 decay:
10 N=Nee ** (2
11 No =number of “C at =0
12 1.1 What is the mathematical relationship between the parameters a« and
13 tiz(=halflife)?
14 1.2 The decay rate of carbon, which is a part of the natural CO: cycle, is
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found to be 136 disintegrations per minute and gram of carbon. When a
plant (e. g. a tree) dies, it no longer takes part in the CO: cycle. As a
consequence, the decay rate of carbon decreases.

In 1983, a decay rate of 12.0 disintegrations per minute and gram of
carbon was measured for a piece of wood which belongs to a ship of the
Vikings. In which year was cut the tree from which this piece of wood
originated?

1.3 Assume that the error of the decay rate of 12.0 disintegrations per
minute and gram of carbon is 0.2 disintegrations per minute and gram of
carbon. What is the corresponding error in the age of the wood in question
1.2?

14 What is the isotope *C/“C ratio of carbon, which takes part in the
natural COz cycle (1 year = 365 days)?

B) The elements strontium and rubidium have the following isotope
composition:

Strontium: 0.56 % #Sr ; 9.86 % #Sr : 7.00 % *Sr ; 82.58 % %Sr (these isotopes
are all stable).

Rubidium: 72.17 % ®Rb (stable) ; 27.83 % ¥ Rb (radioactive; &= 4.7 X 101
years).

The radioactive decay of ¥Rb leads to ¥Sr.

In Greenland one finds a gneiss (= silicate mineral) containing both
strontium and rubidium.

1.5 What is the equation rate law describing the formation of Sr from *Rb
as a function of time?

16 Assume that the isotope ratio ¥Sr/%Sr (as determined by mass
spectrometry) and the isotope ratio ¥Rb:*Sr are known for the gneiss.
What is the mathematical relationship with which one can calculate the age

of the gneiss?
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(2) %21 [E IChO HECHIRESE 4 [ (1989) -LERIEOHEBRERIC DV T DI
SEeFl A

M T oMy [3]o
3P labelled phosphorus pentachloride (half-life #,. = 14.3 days) is used to

—

2 study the electrophilic attack of a PCls* cation on nitrogen or on oxygen.
o} o} cicl n]

Cf ,E(Q +  PCig — b /":;(C' + POC; +  Ho
3 (o Naliv' a” N ol

I I 1 v
The reaction is carried out in CCls and the solvent and product IV distilled
off. Samples of III (remaining in the distillation flask), of IV (in the distillate)
and samples of the starting material II are hydrolyzed by heating with a

strong sodium hydroxide solution. The phosphate ions formed are

precipitated as ammonium magnesium phosphate. Purified samples of the

© 0 N O O

three precipitates are then dissolved by known volumes of water and the
10 radioactivity measured.

11 4.1 Write the balanced equations for the reaction of red phosphorus
12 forming PCls.

13 4.2 Write the reaction equations for complete hydrolysis of the compounds
14 II and III using sodium hydroxide.

15 4.3 How long does it take in order to lower the initial radioactivity to 10? of
16 the initial value?

17 4.4 Write two alternative mechanisms for the reaction of labelled PClys

18  with the anion of L.

19 4.5 After hydrolysis the precipitated ammonium magnesium phosphates

20 show the following values for radioactivity:

21 II. 2380 Bq for 128 mg of Mg(NH4)PO4
22 II1. 28 Bq for 153 mg of Mg(NH4)POq
23 IV. 2627 Bq for 142 mg of Mg(NH4)POq
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24 Using these data, what can you say about the nucleophilic center attacked
25 by PCl?

26  Data: For HsPOs : pK; =2.2; pK>=7.2; pK; =124

27 Solubility product of Mg(NH4)POs : pKs = 12.6

28  Equilibrium concentration of NHs* = 0.1 mol dm?

29 4.6 Calculate the solubility for Mg(NH4)POs at pH equal to 10 under

30  idealized conditions (activity coefficients can be neglected).

£ 21 18] IChO (1989 4, /L BEA ) Tk, 226 KMo 5 b5 4 HER
{bE/ AL FE RO & L CREHMEFEBE D 7 — < A5 FiF s iz, 2P ik
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ISR

(3) % 25[E IChO E5CRER 1 (1993) -1311 ORFEEL L TOME
ZZFTIZERR L7z 2 Flid. IChO A IR A ol & L 72 Mg 72 IR A X > b
P HPEIR/ALK E E O R R ERRA XY MIBE L TR0 b 0 Th 5,
KRBT EAZTE DO P FE D < AN I A SCRH R Tl ERRR 212 A X —
TarEbeb L. NTHEH A ORI R SOCHERE O I3 L W IEER
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WEKFEIRINT = &H A T ZAEHEE Vol 1

FHEELTRERBREE G 272 25 M (1993 4, V=TI 7, A 51)7T) T
EE T A F— G EHIIR CHGHES: B L OALFEOEZE 2R CH 5 K5 T
DIEAZ SHEIZBEWTOMEE 2o 700 BMEFFAHOREA L BT ORGSR &
LTCOWEIZOWTOMESHES N zDOTH 5,
MESE T oY [3].
BT is a radioactive isotope of iodine (e emitter) used in nuclear medicine for
analytical procedures to determine thyroid endocrine disorders by
scintigraphy. The decay rate constant, & of ®'Iis 9.93x 107 s,

Questions.

1

2

3

4

5 1.1 Write the decay reaction of “'L
6 1.2 Calculate the half-life of ®'T expressed in days.

7 1.3 Calculate the time necessary (expressed in days) for a sample of
8 activity to 30 % of the original value.

9

14 Knowing that a Geiger counter detects activities of the order of 10*

10 u ¢, calculate the minimum amount of ®'I (in grams) which could be
11 detected by this counter. Curie (c) is the amount of a radioisotope that
12 produces 3.7 X 10" disintegrations s™.

3. 5 25[@ IChO ZERLHERM 1 (1993) 2V TDIaAX > b

1% 5 1 H P axv b

1554 HAH FCEATTH %05, NLHFHREAE 1131 DESFIHOANE
MR R BRIC IR & 7 DA O O R & 21
IRE Y 28 PRI Db T 5,

5 11 PR DR R HESR & 2 R KAEHE A C oL
FORAREWABIEE LI L) BFshd,

6 1.2 BE R O s & S S B b o ZERE R

THh5 8 il 1.3 BN DT ORI KR T O RURALAE O
L)l

HEENSLHFIIOWTOI XY MIKI DY) TH b, HEI N BLIZE
F T DI A A e NIRRT NI 8 Ho BRI TH %,
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EBLEA ) Y €y 712 B A HAHMEE B ORI 2 MES T o8 5 4

BEE L LC LR SN A B ©. MEB R T EEN L FDNPP <
FHE BRI HRALE IS, PR & TR S iz,

HENA I RFETORGH LR TSI T b 0T, HEE LTk
A=V Py 7 ALRNETH L, TP, IChO TORSHMEFB L OIS
B9 2 I I 287 PRRBEODLDLRONS X912k > TIT< . it
LB D HEL v LIZESEDSEIT LTV b X ITEH .

5. ¥&&

IChO D FSIE DR B LEBIR O RS & EIMIC DB L T b F 7,
RIS 72 2 R A D EORURELFIC DT ORFFRERE o ST S R LT
WHELEZLNL, RA MEDOBEHMEERELFE IOV TOHE B & O
AL L Z OBEERICED L) ITHBE L T AR R TIREDO—27% IChO
DIENETHL LD END,

AAG T 112 5 55 25 [0 F T IChO TO B % TR R & L 720 IREREARE
5 26 (8l LA IChO. EIM&EK TH 5 ChGP. L2 DWW T OB D T~ F A b
7 ERRRIC, BB X OIS BE S 2 HREIRI O 50T R & s o 7
ETH b,

Xk
[1] HAMbH#A S EB#iET. American Chemical Society, Statistics 7 &
[2] e, [EBMLEEAY Y ¥y 7 | Ao E RS CRHEmE (2017)
[3] International Information Centre of the International Chemistry Olympiads

(IChO IIC), https://www.icho.sk/ (2023)
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