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

KOO YYACTHUKA: RUS-81

OO6wume ykasaHus

Hanuwwure cBolo hamnnunio Ha Nepeoy cTpaHuue.

Ha BbinonHeHue 3apaHnii TeopeTuyeckoro Typa Bam oteoguTea S 4acos.
HauuHaitte paboTy Tonbko nocne Toro, kak 6yaet aada komanpa CTAPT
(START).

WcnonbayiTe ToNbKO BbigaHHLIA Bam kanbkynaTop.

Bce pesynbTaTh! A0SKHEI BbITh 3anMcaHbl B cneunansHo npegHa3HaveHHbIX
ANA 3Toro Mmecrax. 3anucu, caenaHHele rae-nbo ele, oueHMBaTbLCA He By-
AyT. UcnonbayiiTe 060pOTHYIO CTOPOHY fIUCTOB KOMMNSIEKTA B KA4YECTBE YepPHO-
BUKA.

Besgne, rae TpebyeTcs, sanuchiBanTe BbIMUCNEHUA U pacyeTbl B cneyuanbHo
OTBEAEHHbIX ANA 3TOro mectax. Ecnu, oTBedan Ha cnoxHbli Bonpoc, Bul aAa-
AuTe TONbKO BEPHbLI OTBET, HO HE NOAKpENUTE ero BbiMucneHnamu, Bol nony-
4YuTe Hynesoi 6ann 3a aToT BONpoC.

UucneHHble OTBETh! A0MKHLI BbITh 06A3aTeNbLHO NPUBEAEHbI C
pasmepHocTAMM. 3a OTCYTCTBME pa3MepHocTel Bul 6yaeTe owTtpado-
BaHbl. Taioke obpaluaiite BHUMaHUe Ha NPaBUNbHOE YMCNO 3HavaLmnX Ludp
B OTBETaX.

CuuTaiite, uTO BCe rasbi naeansHble.

Bbl pormkHbI HemMeaneHHo nNpekpaTuTb paboTy, kak ToNbKO GyaeT aaHa KoMaH-
Aa CTON (STOP). HesbinonHeHue 3Toro Tpe6oBaHWA MOXET NPUBECTY K
Avcksanudukauuu u Hynesomy 6anny 3a TeopeTUHNECKUA Typ.

lo okoH4YaHWK Typa BROXWUTE BECb KOMNANEKT B BblAaHHLIM Bam koHBepT. He
3anevaTtbiBafTe KOHBEPT.

He nokupaiite ayautopuio, noka Bam He ckaxeT 3Toro caenatb npenogasa-
Tenkb.

KomMnneKT TeopeT4eckoro Typa COCTOUT U3 44 NUCTOB.

Ecnu Bam 4TO-TO HENOHATHO B pycckow Bepcuu, no Bawemy Tpebosanuio
Bam 6yneT npeaocTtasneHa ocbmunanbHas aHrnuickas Bepcus 4na yTouHe-
HUSA.
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PdusnyeckKkne KOHCTaHTb!

HassaHue O603HaveHue 3HaueHue
MocTosHHasa Asoraapo N, 6.0221 x 10% monb™
KoHcTanTa Bonbymana ke 1.3807 x 1072 O K™
YHuBepcansHan rasosas R 8.3145 [k K~ mons™
NOCTOSAHHARA
MocTosHHas ®apapes F 96485 Kn mons™
CkopocTb cBeTa c 2.9979 x 10® mc™
MocTosHHan NMnaHka h 6.6261 x 107> Ix c
CrangapTHOe nasneHue p° 10° Na
ATmocdepHoe aaBneHue Pam 1.01325 x 10° Na
Honb no Uenscuio 273.15K
YckopeHue csobogHOro 2
naneHus g 9.807mc
MarHeToH Bopa pa 9.274015 x 107 I Tecna™

NMonesHble hopmynbi

O6vem kyba v=">

4 .3

Obvem coepb! V= gn’r

MoTeHuvanbHas sHeprva B

rpaBuUTayMoOHHOM none E =mgh

YpasHeHue naeanbHoro rasa pV=nRT

YpasHeHue AppeHuyca

MarHuTHbIA MOMEHT

k=Aexp (-Ea/RT)

e = 1/n(n + 2) marHeToHoB Bopa
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Mepuoanuyeckasn Tabnuua anemMeHToB

C OTHOCUTEJIbHLIMU aTOMHbLIMHA 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 B|C|NJ|]O/|F |Ne
6.94 | 0.01 10.81 [ 12.01| 14.01 | 16.00 | 18.00] 20.18
11 | 12 13 |14 |15 |16 | 17 | 18
Na | Mg Al | Si| P | S |CIl|Ar
2288|2431 3 4 5 6 7 8 9 10 11 12 |26.98]28.09| 30.97 | 32.06 | 3545 | 39.95
19 | 20| 21| 22| 23| 24| 25| 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36
K|Ca|Sc|Ti|V |CriMn|Fe|Co|Ni|Cu|Zn|Ga| Ge| As| Se|Br | Kr
38.102| 40.08 | 44.96 | 47.80 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.71 | 63.55 [ 65.37 [ 69.72 [ 72.50 { 74.92 | 78.96 |79.904| 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
85.47 | 87.62 | 88.91 | 91.22 | 92,91 | 95.94 101.07/102.91| 106.4 |107.87|112.40]114.82|118.69]121.75]|127.60]126.90]131.30
55 | 56| 57| 72| 73| 74| 75| 76 | 77 | 78 | 79 | 8o | 81 | 82 | 83 | 84 | 85 | 86
Cs|BafLa*|Hf | Ta|W |Re|Os|Ir | Pt |Au|Hg| TI|Pb|Bi|Po|At|Rn
132.91]137.34]138.91|178.49|180.95|183.85] 186.2 | 180.2 | 192.2 |195.09|196.97|200.59|204.37| 207.2 |208.98
87 | 88 | 89
Fr |RafAct
58 |59 |60 |61 |62 |63 |64 |65 |66 |67 |68 |69 [ 70 | 71
‘Lanthanides | Ce [ Pr [Nd |Pm |Sm |Eu |Gd |Tb |Dy |Ho |[Er [Tm|Yb|Lu
140.12 | 14091 | 144.24 1504 | 15196 | 157.25 | 150.93 | 16250 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
90 |91 |92 |93 |94 |95 |96 |67 |98 |99 |100 {101 |102 | 103
*Actinides |Th |Pa| U [Np [Pu |Am|Cm|Bk |Cf |Es|Fm|Md|No|Lr
23201 238.03
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UK JULY 18-27, 2009
KOA YHYACTHUKA: RUS-81

3apaya1 10 6annos

OnpeaeneHue NocTossHHOW ABoragpo

fa|1b | 1c |1d [ 1e | 1f | 1g | th | 1i | 1] | 1k | Cymma

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

B 3agade paccmatpuBaloTCA Tpu MeToAa onpeAeneHns NoCTOSHHOK ABOragpo.

MeTtoa A — no AaHHLIM PEHTreHOBCKOM AndpaKuum (COBpeMeHHbIW MeToA)

JnemeHTapHaa sAYenka npeacTtasnseT coboi HaMMeHbLMA NOBTOPAIOWMACA
¢hparmMeHT B Kpuctannudeckow pewetke. Metogom peHTreHOBCKOW Audpakumum
6bino  ycraHoBNEHo, 4TO 30M10TO MMEET rpaHEeLeHTPUPOBaHHYI0 KybBuueckyio
3NEeMEHTapHYI0 AYeiKy (T.e. LEeHTPbl aToMOB 30N0Ta PacnonaralnTCcs B KaXAon
BeplwuHe kyba U B UeHTpe kaxnaon rpaHu). [AnuHa pebpa anemeHTapHOW| sYenku
3onota pasHa 0.408 Hwm.

a) Wsobpasute anemeHTapHYyI0 A4EliKy 30N0Ta U paccyUTanTe YMcno aToMoB
Au, npuxoaaWMXCA Ha OQHY AYElKy.

OneMeHTapHas ayenka:

Uucno atomoB Au Ha OfiHY siYeiky:
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b) MNnotHocTb 30n0Ta pasHa 1.93 x 10* kr M™%, PaccuuTaiite 06bem 1 Maccy OAHOV

ANeMeHTapHON AYEeRKW.

Obvewm:

Macca:

c) Paccuutainte maccy 0aHOro atoma 30noTa U 3Ha4eHue NocTosiHHOW ABo-
ragpo, NPUHAB OTHOCUTENbHYIO aTOMHYIO Maccy 30n0Ta pasHou 196.97.

Macca ogHoro atoma Au:

MocTtosxHan ABoragpo:

MeToa B — u3 aaHHbLIX No paauoakTUBHOMY pacnagy (Pesepdopa 1911)

PagunoakTusHbIiii pacnaa 2°Ra npotekaer 8 COOTBETCTBUM CO CXEMOIA:
226 t 222 3.825 cvtv 218 3.10 muu 26.8 MuH . 19.9 MuH
Ra ——» 222Rn 33BN, 218p, 110um_ 314py B8um_ p14p; 199w

214p 164.3 mxc 210py, 22.3 ropa 210g; 5.013 cvtr 210pq 138.4 cvr 206pp,
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VCHEMISTRY OLYMPIAD SAMUNNA:

UK JULY 18-27, 2009
KOA YHMACTHUKA: RUS-S1

g) Bbino yctaHoBneHo, 4To 4Yepes 163 AHA B repmMeTU4HO 3aKpbiTOM cocyae
copepxutca 10.4 mm® He (101325 Ma u 273 K). Paccuurtaiite nocTosHHylo

Asoraapo no aTum JKCnepuMeHTanbHbiM AaHHbIM.

h) MpuHsB, YTo OTHOCUTENbHAn aToMHaA Macca Hyknuaa *2°Ra, n3mMepeHHas ¢
NOMOLLbIO Macc-CNeKTPOMEeTpuu, pasHa 226.25, n ucnonbsys coBpemeHHoe
3HaueHWe nocTosHHoW Asoraapo (6.022 x 102 monb™), paccuuTaiite Ymcno
atomos *®Ra B ucxogHom obpasue, Nga, NOCTOAHHYIO paAVOaKTUBHOIO pac-
napa #°Ra, A, u nepnoa nonypacnapa *°Ra (t, B rogax). YunTsipaiite Tonbko
pacnagpl, NpoTekawwmne A0 HyKnnaa, ykasasHoro Bamu B nyHkTe (e).
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nRa= )\,=

Metop C — pacnpeaenenue yactuy (lMeppex, 1909)

OAaHO U3 cambix NEPBbLIX TOMHLIX onpegeneHuin noctosiHHon Asoragpo 6bino cpe-
NaHo Ha OCHOBAHMKM pe3ynbTaToB M3y4YeHUs pacnpefeneHns No BbICOTE Konnowua-
HbIX YacTuL, CyCneHAuPOBaHHbLIX B BOAE, NOA AEWCTBUEM CUMbl TshkeCTn. B ogHom
W3 TakKUX 3KCNEPUMEHTOB uacTuusl paguycoMm 2.12 x 107 M U nNNOTHOCTbIO
1.206 x 10% kr M~ 6biInM cycnenampoeaHbl B Tpybke ¢ Bogoi npu 15 °C. Yepes
HEKOTOpPOEe BpeMs, AOCTATOYHOE AN YCTaHOBNEHUA paBHOBECUSA, BbINO NoacYUTaHO
cpeaHee YMcno Yactuy B eauHuue obbvema Ans veTbipex pasHblX BbICOT (OTcyeT
BbICOTbI Mpou3BOAUTCS OT AHa TpyOkw). onydYeHHble AaHHble npeacTaBneHbl B

Tabnuye:

BbicoTa, MKkm 5 35 65 95

CpeaHee 4ncno vacTuy B
eavHuye obbema 4.00 ( 1.88 | 0.90 | 0.48
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i) Cuutan yacTuubl chepuHeckumu, pacciuTanTe Maccy O4HOMU YacTuubl, m,
Maccy BOAb!, KOTOPYIO OHa BbITECHAET, Mi20; IMPEKTUBHYIO MacCy HacTULbI
B BOAE, M* (C y4eToM ApXUMeaoBOiA CUMbI 3a CHET BbITECHEHHOro obema

soAbl). MpumuTe NNOTHOCTL BOALI paBHOR 999 Kr M2,

ms= My20 =

B cocToAHMM paBHOBECHA YACNO YacTUL B eauHUUE oObema B 3aBUCMMOCTU OT Bbl-
COTbl MOXeT 6bITh BbIpaXeHo ¢ y4eTom 60nbyMaHOBCKOro pacnpeaeneHus cne-
Ayowmm obpasom:

rge np — Yncno vactuy 8 eanHule obvema Ha sbicoTe A,
Npo — YUCNO YacTuy B eguHuLe obbema Ha HavanbHOW BbicoTe hy HavanbHas Bbi-
coTa pasHa 5 MKM OT aHa Tpybku ¢ Bogon,
Ep — noTeHumansHasn sHeprua 1 MonA YacTuy Ha BLICOTE h NO OTHOLLEHUIO K Yac-
Tuuam Ha gHe Tpybku ¢ Boaon,
R — yHuBepcanbHas rasosas noctosiHHas, 8.3145 Ik K™ monb™".
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Mpacuk 3asucumoctu In(ny / Nno) OT (h — ho) AN 3IKCNepUMEHTanbHbIX AaHHBIX,

npeacTasfieHHbIX B TaGJ'WILle. noKa3aH HWxe.
h—hgy! mkm
0 20 40 60 80 100

-0.5

~1.0 \
-15 ,x\
~2.0 \\

—-2.5

i) BeiBeguTe BbipaxeHWe ANA HaKNOHa NPAMOW NUHUK Ha rpaduke.

In(np / Nhy)
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Koa YYACTHUKA: RUS-S1

k) PaccuuTaiiTe NocTOAHHYIO ABOragpo Ha OCHOBaHUKU 3TUX 3KCNepMMeHTanb-

HbIX A2HHbIX.
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Hecopbuunna aTtomos H ¢ noBepxHOCTU MeeT Nepsbivi NOPAROK NO Yucny apcopbu-

poBaHHbIX aTOMOB H Ha oaHy YacTuLy neinu (aanee — N), KOHCTaHTa CKOpPOCTY Ae-
copbuuu pasHa: kg = 1.9x1072 ¢,

b) CuuTasn, YTo yCTaHOBMNOCHL paBHoBecHe mexay apcopbuven n gecopbumven,

paccuuTaiite crauvoHapHoe uucno N atomoB H Ha NOBEPXHOCTM yYacTuLb!
nbiny.

ATtombl H MoryT nepemewyaTbCa No NOBEpXHOCTU. BeTpevanch apyr ¢ ApYrom, oHu
pearupyioT, u o6pasyiowwmecs monekynsl H, gecopbupyiotcs ¢ nosepxHocTu. B apyx
paccMaTpvBaeMbIX KUHETUHECKNX MOAENsAX 3Ta PeakUMs YYUTLIBAETCS NO-pasHoOMYy,

OAHAKO KOHCTaHTbl CKOPOCTU aacopbuun ks, aecopbumm kg u peakunn k, — oaHn 1 Te
xe:

ks =1.4x107° cm® ¢!
ky=1.9%x1072 ¢
k,=5.1x10% ¢
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Mogenb A

Peakuus obpasosaHua H, cumtaetca GumonekynapHoi. Ha noBepxHOCTU YacTuubl
NbIAK CKOPOCTb YMEHbLUEHUS uncna N atomos H B pesynsTate peakuuy pasta k2.

c) SanuwuTe BbipaXeHue ANA CKOPOcTH usmeHeHus N, yuuTbiBas agcopbumio,
pecopbumio M peakumio. CuuTas YMCNO aTOMOB CTaUWUOHAPHLIM, Hangute

3HaueHue N.

N=

d) Paccuutaite ckopocth obpasoBaHus monekyn Hz Ha oaHy 4acTuuy nbinv 8
3Tou moaenu
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Mogens B

B mogenu B paccmaTpuBaeTcs BEPOATHOCTb TOrO, HTO Ha NOBEPXHOCTU YacTuubl
Haxogutcs 0, 1 unu 2 atoma H. lMpoueccol, cBA3bLIBaOWWE 3TU COCTOAHWUA, NOKa-
3aHbl Ha cxeme. peanonaraeTcs, YTO Ha NOBEPXHOCTM YacTuubl HE MOXET Haxo-
auTbea 6onblue ABYX aTOMOB BoAopoAa.

AN

0—% 2

Ponb kOHUEHTpaUui B KUHETUMECKUX YPaBHEHUAX UrpaloT Xg, X1 M X2 — AONK YacTu,
apcopbuposaswumx 0, 1, 2 atoma H.

Ana yacTuubl, HaxoAAWENCA B COCTORHUA M (C AONEN Xny), CKOPOCTU TPEX BO3MOX-
HbIX NPOLECCOB PaBHbI:

Aacopbuua (m — m + 1). ckopocTb = Ka[H]xm
Decopbuunsa (m — m — 1); cKOPOCTb paBHa = KgMXp,

Peakuua (m — m - 2). ckopocTb = Y2 ke m(m-1)xpm

e) 3anuwuTe KMHeTUYeCKUe ypaBHeHUs AN ckopocTen dx,/dt, m =0, 1, 2.
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