41st INTERNATIONAL ]
CHEMISTRY OLYMPIAD OAMUNUA:

UK JULY 18-27, 2009
KOO YYACTHUKA: KAZ-S4

O6wue ykazaHus

lMpoBepbTe, YTO Ha KAXAOW CTpaHULUe HanucaHb! BaLuu cbamunun W KoA.

Ha BbinonHeHWe 3afaHnii TeopeTUYecKoro Typa Bam OTBOAUTCSA S5 4acos.
Hauunaiite paboTty Tonbko nocne Toro, kak 6yaeTt gaHa komasaa CTAPT
(START).

Ucnonb3yite TONBKO KANbKyNATOP, BblAaHHbIA BaM.

Bce pesynbTaTthl AOSMKHBI ObiTh 3anucaHbl B cheunansHo npefHasHaYeHHbIX
Ana  atoro Mmectax (Knetkax). 3anucu, cpenaHHble rae-nubo  ewe,
oueHuBaTbC He ©OyayT. Wcnonb3yite O0OOPOTHBIE CTOPOHBI NUCTOB
KOMNNEKTa KaK YepHOBUKMU.

Bespe, rae TpebyeTcs, 3anuckiBaiiTe BbIMUCNEHUA U pacyeTbl B cneyuansbHo
OTBEAEHHbIX ANA 3TOro mecrax. Ecnu, oTBe4ana Ha CNOXHBLIA BONPOC, Bbl
AaauTe TONbKO BEPHLIA OTBET, HO HE MOAKPEenuTe €ro BblYUCNEHUAMMW, Bbl
nony4uTe Hynesow 6ann 3a 3TOT BONPOC.

UucneHHble OTBeTbl 0683aTenbHO MAOMKHLI ObITh nNpuBeAeHbl €
pa3sMepHOCTAMU. 3a oTCyTCTBME pa3MepHOCTel Bbl GyaeTe CUNBbHO
owrpacoBaHbl. Taike obpawjaliTe BHUMaHUE HA NPABUNbHOE YACNO 3Ha4aLMX
uncp B OTBETAX.

CuuTaiite, 4TO BCE rasbl ngeanbHbole.

Bbl fOoMmKHBI HEMeANEeHHO npekpaTuTe paboTy, kak Tonbko 6yaeT AaHa
komaHga CTORM (STOP). HesbinonHeHue atoro TpeboBaHnA MOXET NpuBeCTU
K aucksanudukauum n Hynesomy 6anny 3a TeopeTU4eckui Typ.

Mo oKoHYaHWK Typa BROXWUTE BECb KOMMNNEKT B BblAAHHLIA BaM KOHBEpPT. He
3anevartbiBalTe KOHBEpT.

He nokupante ayauTopuio, NOKa BaM He CKaXKeT 3TOro caenatb
Aapenojasartenb.

KoMnnekT TeopeTuyeckoro Typa cocTouT U3 44 nncTos.

Ecnu Bam 4TO-TO HENOHATHO B PycCKol Bepcun, no Bawemy Tpebosanuio
Bam Gyaet npepocrasneHa oduumansHan aHrnuickan sepcua ans
YTOYHEHUS.
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dusnyeckme KOHCTaHTbI

HasBaHue O6o3HaueHue 3HaveHue
MocTonHHaA Asoraapo Na 6.0221 x 10% monp™
KoxcTanTa BonbumaHa ks 1.3807 x 10% Ak K™
YHHBePCa/ILHaR razosas R 8.3145 [ K" mon™
MocrosHHan dapagen F 96485 Kn monb™
CKopocTb cBeTa c 2.9979 x 108 m ¢!
MoctosKHan MnaHka h 6.6261 x 107 D ¢
CraHaapTHOe aaBnexHve p° 10° Na
AtmoccdepHoe aaBneHve Dam 1.01325 x 10°Na
Hone no Uenscuio 273.15K
:gggzigue csoboaHoro g 0.807 m c2
MarHeToH Bopa s 9.274015 x 107 i Tecna™

lMone3Hble hopMynbl

O6vem kyba v=Pp

O6bem coepl V= (4/3)nr®

MoTeHunansHan aHeprua B

rpaBUTaALMOHHOM none E =mgh

YpasHeHue ngeanbHoro rasa pV=nRT

YpaBHeHue AppeHuyca

MarHuTHbIA MOMEHT

k=Aexp (-Ea/RT)

Ueff = ,/ n(n + 2) marHeToHoB Bopa

Page 2 /44




41st INTERNATIONAL
CHEMISTRY OLYMPIAD
UK JULY 18-27, 2009

OAMUNUA:

KOO YHACTHUKA: KAZ-S4

Mepuoauueckan Tabnuua aNneMeHToOB C OTHOCUTENbLHbLIMMU
aTOMHbLIMUM MaccamMu

1 18
1 2
H He
1.008| 2 13 14 15 16 17 | 4.003
3 4 5 6 7 8 9 | 10
Li | Be BIC|N]|O|F [Ne
6.84 { 9.01 10.81| 12.01] 14.01] 16.00 | 19.00| 20.18
11 | 12 13 | 14 | 15 | 16 | 17 | 18
Na | Mg Al | Si|P | S |CI]|Ar
22991 2431 13 4 5 6 7 8 9 10 N1 12 | 26.98| 28.09] 30.97 | 32.06 | 35.45 | 38.95
19 | 20| 21 | 22| 23| 24| 25| 26 | 27 | 28 | 20 | 30 | 31 | 32| 33| 34 | 35 | 36
KiCa|Sc|Ti|V [Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga} Ge|As| Se|Br|Kr
39.102) 40.08 | 44.96 | 47.90 | 50.94 | 52.00 | 54 .84 | 55.85 | 58.93 | 58.71 | 63.55 | 65.37 | 69.72 { 72.56 | 74.92 | 78.96 |79.804| 83 80
37 | 38| 39 | 40 | 41 | 42| 43 | 44 | 45 | 46 | 47 | 48 | 49| 50 | 51 | 52 | 53 | 54
Rb|[Sr|Y {Zr [Nb|Mo|{Tc|Ru|Rh|Pd|{Ag|[Cd|In|(Sn|[Sb|[Te| | | Xe
B85.47 | 87.62 | 88.91 | 81.22 | 92.91 | 85.94 101.07{102.91] 106.4 |107.87/112.40|114.82|118.68|121.75]127.60]|126.90]131.30
55 | 56 | 57| 72| 73| 74| 75| 76 | 77 | 78 | 79 [ 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs|Ba|La*|Hf |[Ta|W |Re|Os|Ir | Pt |[Au{Hg| TI|Pb|Bi|Po|At|Rn
132.81{137.34{138.91]|178.49]180.95]183.85| 186.2 | 190.2 | 192.2 |165.09|196.97|200.59/204.37] 207.2 | 208.98
87 | 88 | 89
Fr { Ra|Act
58 | 59 |60 [61 |62 |63 |64 |65 |66 |67 {68 [ 690 | 70 | 71
*Lanthanides | Ce | Pr [Nd |Pm (Sm|Eu |Gd |Tb |Dy {Ho |[Er {Tm|Yb |Lu
140.12 | 14091 | 144.24 1504 | 151.96 | 157.25 | 158.93 | 162.50 | 16493 | 167.26 | 168.93 | 173.04 | 174.97
80 |91 |92 |93 |94 |95 |96 [97 (98 |99 [100 | 101 |102 | 103
*Actinides |Th |Pa| U [Np [Pu|Am|Cm Bk |Cf |Es|Fm|Md |[No |(Lr
20 23803
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3agaya1 10 6annos

OnpeneneHue nocTosstHHOU ABoragpo

ia ([1b [ 1c {1d [ 1e | 1f | 1g | 1h | 1i | 1j | 1k | Cymma

4 | 4 | 4 2 1 2 3 6 | 4 3 3 36

MHoro pasHbix MeTofos 6bIN0 UCNONL30BAHO ANS onpeaeneHns NOCTOAHHOW
Asoraapo. B aToii 3agaye paccMaTpuBaloTCa TpU U3 HUX.

MeToAa A — No AaHHbLIM PEHTreHOBCKOW AudpakLum (CoBpeMeHHLIH MeToa)

OnemMeHTapHaa auelika npeacTaBnAeT cobolt HauMEHbWWA NOBTOPAIOWMWIACA hparMeHT B
KpucTannuyeckoi pewetke. MeToaoM peHTreHoBckon Audpakumv BbINo yCTaHOBNEHO, UTo
30N0TO UMEET rPaHeLIeHTPUPOBaHHYIO KyOU4ecKylo 3nemMeHTapHylo AYeiky (T.e. LeHTpb
aTOMOB 30f10Ta PAcMoNaraloTCA B KAKAOW BepluuHe kyba v B LieHTpe kaxaon rpaHu). [invHa
pebpa anemeHTapHON A4eikiu 3onota pasHa 0.408 HM.

a) W3obpaaute anemMeHTapHyI0 AYEVKy 30N0Ta U paccHuTanTe YNCcno atoMoB
Au, npuxoaawmxca Ha 1 ayenky.

AnemeHTapHan ayenka:

Yucno atomos Au Ha 1 sueinky:
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b) MnotHocTb 30noTa pasHa 1.93 x 10* kr M~3. Paccuutaiite o6bem u mMaccy oaHON
3N1EMEHTaPHON AYENKHN.

Obbem:

Macca:

c) PaccuutaiiTe Maccy O4HOro atoma 30n0Ta U BeNnM4uHy NOCTOAHHON ABoragpo,
NPUHAB OTHOCUTESNbHYIO aTOMHYIO Maccy 3onoTta pasHoi 196.97.

Macca 1 atoma Au:

MoctosHHas Asoragpo:

Meroa B — u3 AaHHLIX N0 paguoakTUBHOMY pacnaay (Pesepdopa 1911)
PaguoakTusHblii pacnaa 2°Ra npoTekaet 8 COOTBETCTBUM CO CXEMOIA:

226Ra t 222Rn 3.825d 218PO 3.10m 214Pb 26.8 m 214Bi 199m

214P0 164.3 Mkc 210Pb 22.32 21oBi 5.013d 210P0 1384d 206Pb

BenuduHbl Hap cTpenkamu NOKasbiBaloT 3Ha4YeHWe BpeMeHn nofnypacnaja
COOTBETCTBYIOWEro HyKNUAa, a Oykebl 0603HaYaloT: y = rogbl, d = AHW, M = MUHYTLI.
Bpema nonypacnaja Ha nepBoil ctaguun, oB6osHaveHHoe f, HaMHoro Gonblie Bcex
OCTanbHbIX 3HAYEHWUA.
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f)

CymmapHasa cKopoCTk a-pacnaja ykasaHHoro obpasya O6bmna  3aTem
usmepeHa C NOMOLLbIO CHETYMKA M oKa3anack pasHow 27.7 Mrabk (1 Bk = 1
pacnag 3a 1 c). 3atem obpasel| 6bin NOMELIEH B rePMETUHECKU 3aKPbLITHIM
cocyn Ha 163 axa. Paccuuraiite 4Mcno a-4acTul, UcnyleHHbIx obpasuom sa

JTO BpemA.

9)

Beino yctaHoBneHo, 4To Yepes 163 AHA B repMeTU4ECcKU 3aKpbITOM COCYAE
copepxurca 10.4 mm® He (101325 Ma n 273 K). PaccuuTtaite NOCTOSIHHYIO

ABOI’&APO No 3TUM 3KCNEepUMeHTanbHbIM A3HHbLIM.

h)

MpuHAB, 4TO OTHOCUTENbHAR aTOMHanA Macca Hyknuaa 22°Ra, nsmepeHHan ¢
NOMOLLLIO Macc-CNEKTPOMETPUK, paBHa 226.25, n ucnonb3ya coBpemeHHoe
aHaueHue nocTosHHoW Asoraapo (6.022 x 10% mone™"), paccuuraiite uucno

aTomoB *®Ra B ucxopHom o6pasue, Nra NOCTORHHYIO PaanoaKTUBHOMO
pacnaga 2®Ra, A, u nepuoa nonypacnaaga *®Ra (t, B ropax). Yuutbisaiite

TONLKO pacnaAsl, NpoTeKaLmMe A0 HYKNMAA, ykazaHHoro Bamu B nyHkTe (e).
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NRa =

Metoa C - pacnpeaeneHue Yactuy (Meppun, 1909)

OaHO ¥3 camMblX NEPBLIX TOMHLIX ONpefeneHnit NocTosHHOW Asoragpo 6bino
CAeNaHO Ha OCHOBaAHMM pe3ynbTaToOB W3YYeHWUs pacnpeaeneHus no BbicoTe
KONNOWAHBIX H4acTUL, CyCNeHANPOBaHHLIX B BOAE, NoA ASNCTBUEM CUnb! TaxxecTu. B
OAQHOM W3 TakuX 3KCMEPUMEHTOB HacTULbl paauycom 2.12 x 107" M ¥ NNOTHOCTbIO
1.206 x 10° kr M~ BGbinu cycnenavposaHbl B Tpybke ¢ Bopoi npu 15 °C. Yepes
HEKOTOpOe BpeMf, OCTaTOMHOe ANA YCTaHOBNEHUs pasHosecus, 66ino ROACYMTAHO
cpefHee YMCNO YacTuy B eguHuue obrema Ans uyeTbipex pasHbiX BbICOT (OTcueT
BbICOTbI NPOU3BOAUTCA OT HU3a Tpybku). MonyyeHHble AaHHble NpeacTaBneHb! B

Tabnuue:

BoicoTa, 108 m 5 | 35 | 65 | 95
Cpeanee uucno 4acTuue | 4 g | 188 | 0.90 | 0.48
eanHuue obrema
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Cuutan vactuubl cchepuyeckumu, paccuuTaiiTe maccy OAHON uacTuubl, m;
Maccy BoAbl, KOTOPYIO OHa BbITECHSIET, Mi20; APMDEKTUBHYIO MacCy YacTULbl
B BoAe, m" (T.e. ¢ yYyeToM BbiTankusawilen cunol Apxumeana). Mpumute

NNOTHOCTbL BOAbI paBHOM 999 kr M2,

m= Mhzo =

B cocTosHuM paBHOBECUA YACNO YacTuy B eavHuue o6bema B 3aBUCUMOCTH OT
BbLICOTbI MOXeET ObITb BblpaXeHo C y4eToOM bonbyMaHOBCKOro pacnpeneneHus

M _eypl 250
Ny, RT

cneayowum obpasom:

rae Ny — YMCNo YacTuy B eanHuue obvema Ha BbicoTe h,
Npo — YACNO YacTUL B eanHuUe obbema Ha HauyanbHom BeicoTe hp HavanbHan
8biCOTa paBHa 5 MKM OT AHa Tpybku ¢ Boaow,
E;, — noTeHunanbHas aHeprus 1 Mons YacTul Ha BbicoTe h NO OTHOWEHUIO K
YyacTuuam Ha aHe Tpybku ¢ Bogon,
R — yHuBepcanbHas rasosas noctosHHas, 8.3145 [k K™ monb™".
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Mpacpuk sasucumoctn In(ny / nNng) ot (h — hg) ANA 3KCnepuMeHTanbHbLIX AaHHbIX,
npeacTasneHHbIX B Tabnuue, nokasaH HUXe.

h—hy/ mm
0 20 40 60 80 100

-0.5

NN
-2.0 \
' <

-2.5

j) BebiBeaute BbipaxeHue ANA HaKNOHa NPAMON NMHUK Ha rpadnke.

In(np / nhy)
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k) Paccuutaiite noCTOSHHYI0 ABOraapo Ha OCHOBaHUK 3TUX
3KCNEPUMEHTAaNbHbLIX AAHHBbIX.
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3apava 2 10 6annosB

O6pa3oBaHue H, B Mex3Be3aHOM
npocTpaHCcTBe

22 |2b | 2c | 2d | 2e | 2f [ 2g | 2h | 2i | Cymma

2 12| 4|2|6|6 |3 2|6 33

Mpu cTONKHOBEHUM ABYX aTOMOB BOAOPOAA B MEX3BE3AHOM NpPOCTPaHCTBE MOXET
obpasoBaTtbcA MONeKyna, Ho ee aHeprua ByaeT cTonb BenuKa, YTo Monexkyna TyT Xe
pacnageTca Ha aToMbl. [MoaTomy ycToiumnsas monekyna Hz moxet obpasosaTbca U3
aTOMOB TONbKO Ha NOBEPXHOCTU YacTWUL, KOCMUYECKOW NbiNu, KoTopble 3abupaloT
n3bbiTouHylo 3Hepruto. Mocne 3toro monekyna Hz 6bicTpo Aecopbupyetca ¢
nosepxHocTh. B paHHOW 3ajgaye CpaBHWBAIOTCA [BE KWHETUYEeCKue Moaenu
obpasoBaHus Hz Ha noBepxHOCTU.

B obenx mopenax KOHCTaHTa ckopocTu agcopbuumn atomoB H Ha noBepxHOCTW
cocrasnsieT k; = 1.4x107° cm® ¢!, Tunuyras o6bemHas KOHUeHTpauua atomos H
(4wucno atomos H B eguHuue obbvema) B MEX3BE3AHOM NPOCTPaHCTBE paBHA:
[H) =10 cm™3,

[BaxHO: B JanbHeWwem CKOPOCTU BCEX peakuWid BbipaXaloTca 4epes 4ucno
ancopbupoBaHHbIX aTOMOB Ha NOBEPXHOCTU N O6BLEMHYIO KOHLIEHTpaLuio aToMOB B
ra3osoli (pase COBEpLUEHHO aHaNorM4yHO TOMY, KaK CKOpOCTW peakuui B pactsope
BbIpaXaloTcs Yepes MonspHble KOHUEHTpauun. B pesynbtate pasmepHOCTU
KOHCTaHT CKOPOCTM MOryT oOKasaTbCA ANA Bac HenpuebidHbIMU. Pa3MepHOCTb
CKOPOCTU peakumu — YCno aTOMOB N MONEKYN B €AUHULYY BpeMeH!.]

a) PaccuuTaiiTe ckopocTb apcopbuumn atomoB H Ha NOBEPXHOCTU 4acTulibl
nbinv. B aanbHelwmx pacyeTax aTa CKOPOCTb CHUTAETCA NOCTOAHHOMN.

Page 12/44



41st INTERNATIONAL _
VCHEMISTRY OLYMPIAD OAMUITUA:

UK JULY 18-27, 2009
KOO YYACTHUKA: KAZ-S4

Hecopbuua atomos H ¢ noBepxHOCTU UMEET NEpBbLIA NOPAAOK NO Yucny
aacopbuposaHHbIx aTOMOB H Ha 0AHY YacTuly nbinu (ganee — N), KOHCTaHTa
ckopocTu aecopbuvu pasHa: kg = 1.9x1073 ¢,

b) CuuTtas, YTO YCTAaHOBUNOCL paBHOBecCHE Mexay aacopbuwmen n aecopbumen,
paccuvTanTe crauuoHapHoe uucno N atomoe H Ha NoBepxHOCTW YacTuub
nbinuy.

ATtombl H MOryT nepemellatbca N0 NOBepXHOCTU. BeTpeyanch Apyr ¢ ApyroMm, OHU
pearupyloT, n obpasyioiyuecs monexynsl H, aecopbupytotea ¢ nosepxHocTu. B asyx
paccmaTpuBaeMbiX KUHETUYECKUX MOAENNAX 3Ta peakuus yuTbiBaeTCA No-pasHoMmy,
OAHaKO KOHCTaHTLI CKOpocTh aacopbuuu ks, aecopbumnu kg u peakuum k. — ogHW U Te
xe:

ks = 1.4x10° cm3 ¢’
ky=1.9%x107 ¢
k =5.1x10%c™’
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Mogenb A

Peakuusi o6pasosanns H; cuutaetca 6umonekynapHoi. Ha nosepxHocTU YacTuubl
NbINW CKOPOCTb yMeHblueHua yucna atomoe H (N) B pesynbTaTe peakuwun pasHa

KNP

c) 3anuluuTe BbIpaXKeHUe ANA CKOPOCTU usMeHeHus N, yuuTblBas agcopbuuio,
Aecopbuuio U peakuyuio. Cuutan YMCNO aTOMOB CTaUUOHApHLIM, HawaWuTe

3HayeHue N.

N =

d) Paccuutaiite ckopocTtb o6pasosaHusa monekyn Hz Ha oaHy YacTuuy nbinu B
3Ton Mogenu
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Moaens B

B mogenu B paccmaTpuMBaeTcs BEPOSITHOCTb TOFO, YTO Ha NOBEPXHOCTU YacTuubl
Haxogutca 0, 1 unu 2 atoma H. [pouecchl, cBA3biBaloWME 3TU COCTOAHUSR,
nokasaHbl Ha cxeme. [MpeanonaraeTcs, YTO Ha NOBEPXHOCTU YacTUlbl HE MOXET
HaxoauTkcA Gonblue AByX aTOMOB BOAOPOAA.

AN

0Kk 2

Ponb KOHUEHTpaUui B KWHETUHECKNX YPaBHEHUAX UrPaloT Xo, X1 U X2 — AONU YacTul,
aacopbuposaswux 0, 1, 2 atoma H, COOTBETCTBEHHO.

Ana vacTuubl, HaxopsWeWca B COCTOAHWM m (C AonenW Xm), CKOPOCTU Tpex
BO3MOXHbIX NPOLIECCOB paBHbI:

Agcopbuua (m — m + 1): ckopoctb = Ka[H]xm
Oecopbuua (m — m — 1): CKOPOCTb pasHa = KgMXm

Peakuua (m — m - 2): ckopocTb = Y2 ke m(m—1)Xm

e) 3anuwmte ypasHeHus ana dx,/dt - ckopocTen U3IMEHEHUA Xo, X1, X2.
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