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1°" ROUND, SOLUTIONS

Problem 1 (Lithuania)

Sulfur containing gases (8 points)
PART 1

At 25°C temperature SOs is a liquid.

Two reactions occur:

SOz (g) + 0.5 02 (g) <> SO5 (I)

SO; (I) < SOs (9)

AG = AH—TAS

T=298.15K
—-AG
K = eﬁ
S0O: (g) O2(9) SOs(l) S0s(g) H20 () | HaSO4
(aq)
Aqu, kJ -296.83 0 -441.0 -395.7 -285.83 | -909.27
mol
SD,1J K’ 248.22 205.138 113.8 256.76 69.91 20.1
mol

SO, (g) + 0.5 02 (g) <> SO3 (I)
A H® = AH (S04, 1) — AH(SO,,g) — 0.5A¢H°(0,,g) = —144.2k]/mol
A4S° = S°(S05,1) — S°(S0,, g) — 0.55°(0,, g) = —237.0JK mol !

A G = —73.55k]/mol = —73550 J/mol

ﬁ 73550
K, = eRT = es31429815 = 7.693 - 1012 =» [reagents]<<[products]

SO; (I) « SO3 (9)
A,H® = AH°(S0,,8) — AHO(SOs, 1) = 45.3k] /mol
A.,S° = S°(S05, g) — S°(S03,1) = 143.0 JK~Lmol !
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A,,G = 2.698 k] /mol

—AG 2698

K, = eRT = es31429815 = 2.9693885

3(503,1) _ 1
a(502,8)-a(02,8)  Pso,gPdsg

1:

There is an excess of SO, in a container, after reaction there is unreacted SO, :

(70 =30 - 2)% = 10% of initial pressure/volume

_ 1 _ 1 _ L 10-24
Po,g = (KlpSOZ,g)Z = 769310120002 1.690 - 10™“*atm
pVNay  1.690-10724.101325-5-1073-6.022-1023
N(Oz,8) =nNp === TYVETTIT = 0.208 molecules
0.208 < 1

Therefore, the final volume of O, equals O L.

PART 2

SO3 (1) + H20 (I) «H2S04 (aq)
A;H® = —182.4k] /mol

A3S° = —163.6 JK Imol ™!

A;G = —133.7 k] /mol

-AG 133700
K; = eRT = es31429815 = 2.705 - 1023

SO; (g) + H20 (I) «H2S0O4 (aq)
A HO = —227.7K] /mol
A.4S° = —306.6 JK 1mol™?!

ApyG = —136.4 kJ]/mol

—AG 136400
K, = eRT = es31229815 = 8.036 - 1023

Kz >> 1, K4 >>1. So, all SO; dissolves into H,SO4 (aq).

H2S04 (aq) + H20 (I) — HSO4 (aq) + HsO" (aq) (A)
HSO,4 (aq) < SOs* (aq) + H' (aq) Ks=1.25-102 (B)
SOz (g) + H20 (I) <+HSO3 (aq) + H" (aq) Ke=1.54-107 (C)
HSO; (aq) <> SOs* (aq) + H* (aq) Ks = 6.3-10"® constant is too small, so

reaction is not significant



The major protons are formed from A, B and C reactions

n(S0s, 1 and g) = n(S03) = 2 n(0,) = L = ZOICHL

2:0.3-101325-5-10 " 3mol
8.314-298.15

= 0.1226 mol if pressure is 1 atm;

If pressure (Standard) is 1 bar = 100kPa n(SO3) = 0.1210 mol
All SO3 dissolves in 1.00 L of water, so [H2SO4] = 0.1210 M
According to the reaction A, [H'], = (SO3) = 0.1210 mol

After the addition of water
p(initial)V (initial)

p(SOz) _ n(SOVZ)RT _ 0.1n(g,i‘r;itial)RT _ RT - 0.1RT _
0.1p(initial)V (initial) _ 0.1-100kPa-5.00L _ 12.5kPa = 0125 bar
14 4.00L

HSO4™ (aq) <~ SOs* (aq) + H" (aq) (B)
Initial 0.1210 0 0.1210
Change -X +X +X
Final 0.1210-x X 0.1210+x

SOz (g) + H20 (I) <> HSO5™ (aq) + H" (aq) (C)
Initial 0.125 0 0.1210
Change -yRT/V +y +y
Final 0.125-yRT/NV y 0.1210+y

Protons are formed from two reactions, so the final [H']=[ H']Jo+x+y

(01210 +x + y)x

57 01210 —x
_ (01210 + x + )y

" 0.125—-y-6.197

= 0.0125

= 0.0154

x =0.00997; y = 0.00821

[H]=[H"]o+ x+y=(0.1210 + 0.00997 + 0.00821)M = 0.13918 M
pH =—1Ig[H"] = 0.08564

PART 3

When T = 200 C, only one significant reaction occur:

SO (g) + 0.5 02 (g) < SO3 ()

A,H® = AfH°(S03,8) — A¢H°(S0,, g) — 0.5A¢H°(0,, g) = —98.7k]/mol
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A,S° = S°(S03,8) — S°(SO,, 8) — 0.55°(0,,g) = —196.598]K~*mol !

A.,G = —73.55k]/mol = —40114 J/mol

ﬂ 40114
K, = eRT = es31247315 = 2.68 - 10* =» [reagents]<<[products]

There is an excess of SO,, so all O, is converted into SO3, and all SO3; dissolves in
water (as in part 2), so pH is the same; pH = 0.08564

PART 4
There is an excess of O2, so all SO2 is reacted
SO2(g) + 0.5 02 (g) <> SO3 (1)

p(S0,)V _ 0.3p(total)V _ 0.3-101325-5-10 3mol _

n(SO?)Il and g) = n(SO?;) = n(SOZ) = RT RT 8.314-298.15

0.0613 mol if pressure is 1 atm;

If pressure (Standard) is 1 bar = 100kPa n(SO3) = 0.0605 mol
All SO3 dissolves in 1.00 L of water, so [H,SO4] = 0.0605 M

According to the reaction A, [H'], = (SO3) = 0.0605 mol

HSO4™ (aq) < SO5* (aq) + H" (aq) (B)
Initial 0.0605 0 0.0605
Change -X +X +X
Final 0.0605 -x X 0.0605+x

_(0.0605 + x)x

5= 00605 —x 00125

x =0.00920

[H]=[H"]o+ x = (0.0605 + 0.00920)M = 0.0697 M

pH =1.157

PART 5

H* concentration two times lower: [H'] = 0.13918M / 2 = 0.06959 M (similar to part 4).

By changing initial proportion of gases (the increase of Oy, the decrease of SO,) the
two times lower concentration of H+ can be reached.

H* concentration two times higher: [H'] = 2:0.13918 M = 0.2784 M

For the most acidic final solution, the iniatial proportion of gases should be 66.7 %
S0O2 and 33.3 % 02, then reaction SO, (g) + 0.5 O (g) «» SOs3 (I) occur, and:
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S0,)V 0.667p(total)V 0.3-101325-5-103 l
n(S05, 1 and g) = n(S05) = n(S0,) = P(RTz) = p}gT" abv. _ e mol _

0.1345 mol if pressure is 1 bar;
According to the reaction A, [H'], = (SO3) = 0.1345 mol

All SO3 dissolves in 1.00 L of water, so [H,SO4] = 0.1345 M

HSO4 (aq) < SO3* (aq) + H" (aq) (B)
Initial 0.1345 0 0.1345
Change -X +X +X
Final 0.1345 -x X 0.1345+x

~(0.1345 + x)x

5= 01345 —x 00125

x = 0.01066
[H]=[H"o+ x = (0.1345 + 0.01066)M = 0.1452 M < 0.2784 M

If temperature is bigger than 45 C, reaction SO (g) + 0.5 Oz (g) « SOs3 (g) occur
(like in part 3). The bigger temperature is, the smaller is Ks, therefore can’t be
reached the bigger amount of H" ions.

Thus, the hydrogen ions concentration two times bigger than in part 2 can be

reached, but lower — can be (by changing initial proportion of gases).
Problem 2 (Estonia)

Bless you! (10 points)
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The question can be answered “no” as well as “yes”. On the one hand, at room temperature,
compounds such as the one mentioned in the question interconvert fast enough, so that two
different isomers are not observed. On the other hand, two different isomers will exist at low
temperatures. Both answers are correct, but no points should be allocated for the answer without
proper explanation.

Problem 3 (Latvia)

Quantum organic chemistry (4 points)
Carotene has 22 nt electrons . It has 11 HOMO orbitales and 12 LUMO orbitales.

Energy can be calculated from E=n’h?/8mL? where n number of electrons, h —Planc constant 6.63x10"
** Jxs, m — mass of electron 9.1x10>' kg, L — electron distance in one dimensional box 3.17 nm.

Energy diference from LUMO to HOMO can be calculate AE=(12%-11%) h?/8mL?=1.38x10™ J.

Wavelength can be calculated from equation A=hc/AE=1.44x10° m.



Problem 4 (‘Estonia)

Chemistry of radioactive particles (8 points)

Unfotunaltely solution is provided in Russian. You may use google translate to understand it.

gn—>;p+ e
8Be—3He+5He
41N
19K—30Ca+ Je
68Ga—>68Y+ﬂe
Zn—> Ga+1e
19Se—12Br+%e

8 Rb—3iSr+%e

STc—aRu+le
8Cd->"i8In+ Je
10g 109 Sn+ Se
144Nd—>14° Ce+He
183Sm— "3 Nd+5He
'8 Gd—> g2 Sm+3He
1850533 Nd+5 He

190 Pt—>188 Os+2 He

2 Pb—20 Hg+4He
208 TI—>2°6 Pb+Se
21°|3|—>2°6T|+2 He
22Rn—>%8 Po+3He
226 Ra—>222 Rn+4 >He
232Th—>228 Ra+5He
240 U—>24° Nd+2 e

244 1Pu—2U+3He

Mo Tc+%e 198 8 Au—"38Hg+Se 21%? Md—238 Fm+ %e

1. i) dopmyna gna HaxXoXAeHUs KOHCTaHTbI pacnaga:
10
_ON_\y_,_a__a _ aM _370-10" Bk-226 r/mons
dt N Np-n Np-m 6,02-10%.1,00r

OTKyZa, 3Ha4YeHNe KOHCTaHTbI pacnaga pasHo: 1,389-10™" ¢
Mepuopg nonypacnaga paseH:

In2 0,693

T -_ —
27N 13910 ¢

=4,99-10"¢c =1580 neT ,

B cnpaBoYHMKe MOXeM HaiiTu aHadeHme: Ty %55 Ra )=1620 ner.

='”—2 =1,357-10" s

1/2

i) A

3,70-10"° s

=W=2,727-1021 =>m=1,024¢g
’ : S

iii) dopmyna xnopuaa pagusa RaCl,. Ero monspHas macca paBHa 297 r/monb. He TpygHo
cocuuTaTb:
m
a=AN= )\M . NA =
1,00r 1000

=1,357-10 " ¢ ' - ————-6,02-10® - ——=2,75-10" Bk

297r/monb lkr —
Nrn 2,75-10" Br/kr.
iv) KonuyecTtBo pagus B HavanbHbIi MOMeHT BpemeHu (1907 roa):

m__ 100r _ 0,00442 Monb,
M 226r26r/m



Mo 3aKOHY paanoOaKkTMBHOIO pacnaga:

11 -1

nt — noef)\tt — 0100442 . e71,39-10’ ¢ -[(2010-1907)-365-24-3600 c ] — 0'00423 MOJb.

) Macca pacnasLLerocs paams paBHa:
Am=An-M=(0,00442 —0,00423) monb.-226 r/m onb=0,043 r

vi) Mpoussegem cnegyowme matemaTnyeckne npeodpas3oBaHns:
P P
P, =Pe™ = Pt_en, norapupMmupyem = In—t = —At = In— = At,

OTKyAda MOXHO BblpaXkaTb A nt, B Hawem Cny4ae BpeMA:

0,
c_ppPo 1_, _ 100% 1

= : =6,63-10""c =2,10-10% rer,
P, A (100-99,99)% 1.39.10 "¢ & - - =

Cuutaetcs, 4YTO Hyknug pacnagaeTcs MOfIHOCTbI0 4epe3 Bpems, paBHoe 12 nepuogam
nonypacnagoB. Pagan npaktnyeckn pacnagetcs B 23426 rogy.
i) Yepes ABECTU AHEN aKTUBHOCTb OyaeT paBHa:

—In2-t -0,693-200-24-3600
a,=age M=aze ™ =0,0100-10"°.3,7.10"0 bk.e 879243600  _76 5Fkii) Cnemyer

06paTuTb BHUMaHWe, YTO aKTMBHOCTb YCTaHOBMEHHas NpMGopoM n3mepsieTcs B pacn./MuH.

YyBCTBUTENBHOCTL NpMbopa paBHa:

%(M )= _2600dpm ;1o — 56,6%

76,5-60 dpm S
iif) Mo 3aKoHy paaMoOaKTMBHOMO pacnada, Macca ocTasluerocsi B obpasue 5, Cr 6yaeT
paBHa:

-0,693:7-24-3600
m, =moe M =100mM0-¢ 278243600 _ 84 Omr

aKTUBHOCTb 251 Cr maccon 84,0 mr 6ygeT paBHa:

In2 m 0,693 0,0840r

a=AN=AD.Ny == TN, = .
M 27,8-24-3600c 51,0 r/monb

.6,02:10% =
T1/2 M

=2,86-10" Bk
C\-leT‘-IVIK naka)keT akTUBHOCTb, PaBHYIO:
an =a-%(M)=2,86-10"Bk-0,566 = 1,62-10" Bbk.

iv) Pacnagasicb, Xpom ucnyckaeT 06eTa-yacTuubl — OMEKTPOHbl, Macca KOTOpbIX
NPUHUOPEXMTENBHO Mara, NoaToMy Oyaem cumTaTb, YTO Macca obpasua ocTaeTcsi paBHOM
100 mr. Macca octaBulerocs xpoma — 84,0 .

84,0m4
w=
100m0

-100% = 84,0%,

npoLeHTHOe coaepxaHne xpoma pasHo 84,0%.

i) KonuuyectBo pagunoaktneHoro kanusi-40 B 20 r kanus, paBHO:



~ m(Kkanma)-w N = 20r-0,000117.

N A
M 40,0 r/monb

-6,02-10” =3,52-10" atomos,

AKTUBHOCTb TaKoro konmyectaa kanusa-40 paBHa:

1 1
a=AN==-N=3,52-10"- : =606 Bk.
T 1,843-10° -365-:24-3600 c
i) Students answer: there is about 140 g of potassium in human body of an

average weight, 98% in cells, where the radioactive potassium potassium-40 decomposes and
release harmful particles, but cells have adaptations to prevent the damage of DNA or to repair
it, so that mutations wouldn’t occur. The amount of potassium in a body is 7 times higher than
that is given in the problem. It is also isolated in oil and put in glass, so that released beta-
particles are consumed by the environment. Also abundance of potassium-40 is low and it’s
half-life is long giving us very low radioactivity overall.

iii) Strontium-90 is a radioactive isotope that emits harmful beta particles with
hight energy. Due to the similarity with calcium in chemical behaviour, °Sr replaces calcium in
teeth, bone surface and marrow. This may cause cancer of bone and nearby tissues, as well as
leukemia.

iii) t =5,04 years.



