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

KOA HA CTYAEHTA: BGR $4

Yka3aHus

¢ B ropHus kpaii Ha NbpBaTa cTpaHuLa Ha 3a4aHUETO HanuLeTe BaWETO UME U
CTYAEGHTCKU KOA.

¢ Pasnonarate ¢ 5 yaca 3a pabora Bbpxy npobnemute. 3anoyHete pabora,
Korato yyete komaHpata CTAPT.

¢ W3nonseaiitTe camo NpefocTaBeHUsi BU Kankynartop.

o Bcuuku Bawm pesyntatu Tpabea aa 6baaT HanucaHn B 04epTaHUTE
npaBobrbNHULKM. HanucaHoTo M3BbLH TAX HAMA Aa 6bae oUeHsBaHo.
Wanonssalite rep6a Ha cTpaHuuuTe 3a YepHOBA, aKo Ce HyXgaeTe oT ToBa.

e HanuweTte BCUYKM U3YUCNEHUA B NOCOYEHUTE nNpaBObILNHUUK, KOraTo TOBA
ce U3NCKBa. AKO He CTe noKasanw BaluuTe U3YUCNEHUS, a caMo CTe
Hanucanu KpanHwus pe3ynTar, BUe Hama aa nonyvuTe TOYKU.

e UYucnoeute oTroBopu ca abconoTHo 6e3anonesHn 6e3 CLOTBETHUTE
MepHu eguHuuum. LLle 6baeTe cTporo HakasaHu, ako IMNCBAT MEPHHU
€AUHULK, KOFaTo ToBa ce u3ncksa. Korato sanuceate YACNoOBUA OTrOBOP,
bvaeTe ocobeHo BHUMaTENHU KbM Bpos Ha sHauewmTe Ludpu.

¢ [puemerTe, 4Ye BCUYKMN ra3oBe UMAT UALAmNHO NOBEACHME.

e Korato yyete komaHaata CTOIl1, Tpabsa He3abaBHO Aa NpeycTaHOBUTE
pabota. 3abaBsHe B U3NBAIHEHWE HA TA3W KOMaH4A MOXe Aa Aosene A0
BaweTo AucksanudrumpaHe ot uanura.

e KoraTo 3aebpluiuTe pa60TaTa no 3agaHneTo, nocTaBeTe BalUTe CTpaHuuu B
npeaocTaseHns BU NNUK. He 3anevaTsanTe nnuka.

o He nanyckaiiTe 3anarta npeau aa 6baeTe MHCTPYKTUPaHW 3a TOBA OT
KBECTOpUTE.

e ToBsa 3agaHve cvabpxa 42 cTpasnuy.

o MoxeTe oa nouckare ocbmumanHaTa BepcuUs Ha 3aAaHUeTOo Ha aHrMuACcKn
€3UK, aKo ce Hy)XXaaeTe OT ToBa.
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DU3INYHN KOHCTAHTH

HaumeHoBaHue Cumson CroiHocT
KoHcTaHTa Ha Avogadro N, 6.0221 x 10% mol™
KoHcTaHTa Ha Boltzmann ks 1.3807 x 102 J K™
'a30Ba KOHCTaHTa R 8.3145 J K™ mol™
KoHcTaHTa Ha Faraday F 96485 C mol™
CkopocT Ha ceeTnuHara c 2.9979 x 10°ms™
KoHcTaHTa Ha Planck h 6.6261 x 107 Js
CraHpapTHO HansraHe ) 10° Pa
ATMocchepHO Hansarave Datm 1.01325 x 10° Pa
0°C 273.15K
3eMHO ycKopeHue g 9.807 m s~
MarteToH Ha Bohr Us 9.274015 x 10°%#J T

None3uun cbopmynn

O6em Ha ky6 v=P

4 .3
O6em Ha chepa V= gn'r
MpaBUTaunOHHa NoTeHUuManHa eHeprus E =mgh

YpaBHeHue Ha CbCTORHUETO Ha ugeaneH ras  pV=nRT

YpasHeHue Ha Arrhenius k=Aexp(-Ea/RT)
MarHuteH MOMEHT Her = A/n(n + 2) marHeToHu Ha Bohr
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MepuogunyHa Tabnuua ¢ OTHOCUTENHU aTOMHU Macu
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MpoGrnem 1 10% oT ob6wmua 6poun
OnpepensiHe Ha KOHCTaHTaTa Ha ABoragpo

1a {1b | 1c |1d | 1e | 1f [ 1g | 1h | 1i | 1j | 1k | Total

4 | 4 | 4 2 1 2 3 16|43 3 36

MHoro pasnuyHu MeToau ca U3NOoN3BaHK 3a onpegenAHe Ha KOHCTaHTaTa Ha
Asoranpo. Tpu OT TaX ca AafeHU no-aony.

MeToa A — OT AaHHW 3a peHTreHoBa Audpakuun (CbBpeMeHeH MeToa)

EnemeHTapHaTa KneTka € Haii-mMankata nosTapsilya Ce eguHuua B KpucranHaTta
cTpyktypa. (Mo ApaHHM OT peHTreHoBaTa AudpakuMs € YCTAHOBEHO, ue
enemeHTapHaTa KneTka Ha KpucTan OT 3naTo € CTEHHOUEeHTpupaHa Kybuuxa
CTPYKTYpa (BbB BLbPXOBETE Ha KybWyHaTa eflemeHTapHa KneTka U B LeHTbpa Ha

BCAKA OT CTEHUTE W Ca pasnonoXeHW LEHTPOBEeTe Ha 3naTHM atomu). Pb6BbT Ha
enemeTHapHaTa knetka e 0.408 nm.

a) HapucyBaiiTe enemeHTapHaTa KneTka u u34ucneTte Kofko atoma 3naTo
npuHagnexart Ha BCAKa enemMeHTapHa KneTka.

EnemeHTapHa kneTka:

Bpoit Ha aToMu 3NaTO BLB BCAKA enemeHTapHa KneTka:
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b)  NnbTHocTTa Ha Au e 1.93 x 10* kg m™. Usuucnete o6ema u macara Ha
KyBU4HaTa enemeHTapHa KneTka.

Obewm:

Maca:

c) Wsauucnerte macata Ha eauH aToM 3NaTo ¥ KOHCTaHTaTa Ha Asoragpo, ako
3HaeTe, Ye OTHOocUTenHaTa atomHa maca Ha Au e 196.97.

Maca Ha Au aTtom:

KoHcTaHTa Ha ABoragpo:

MeTtoa B — ot paanoaktusHo pasnagaHe (Rutherford, 1911)

PeabT Ha paavoakTUBHOTO pasnasaHe Ha 2°Ra e cneaHusT:

226Ra zzan 3.825d 218Po 3.10m 214Pb 26.8m 214Bi 199m

BpemeHara, aaeHun Hag CTpenkuTe, ca NepuoguTe Ha nonypasnagaHe Ha BCeku
U30TON; eAUHULIUTE ca: Y = roguHn, d = aHW, m = MuHyTU. MbpBOTO pa3nagakxe,
otbenssaHo ¢ f Hag cTpenkaTta uma MHOro NO-rofnsM Nepuoa Ha nonypasnapakxe,
OTKOMKOTO ApyruTe.
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g)

YcTaHOBEHO e, Ye cnep CyxpaHerueTo B NpoabikeHue Ha 163 axu, npobaTta
cbabpxa 10.4 mm? He, namepeH npu 101325 Pa n 273 K. OT Te3n aaHHu
usymcneTe KOHCTaHTaTa Ha ABoragpo.

h)

OTHocuTenHaTa Maca Ha usotona 2Ra, namepeHa 4pes mac-cnekTpomMeTpus
e 226.25. Kato usnonssaTe cnpaBoYHaTa CTOWHOCT 3a KOHCTaHTaTa Ha
Asoragpo (6.022 x 102 mol™), usuucnete: 6pos Ha atomute 2*Ra B
MbpBoHayanHata npoba - Mga; CKOPOCTHATA KOHCTAHTA HA PafUOaKTUBHUS
pasnag Ha 2°Ra - A; nepuoaa Ha nonypasnapaie Ha 2?°Ra (8 roguhu) - t.
Tpabsa Aa pasrnexaate camMo pasnajaHWATa 40 W3OTONa, ONPeAeneH B T.
(e), 6e3 ga sknioyBaTE pasnana Ha NOCNEeAHUS.
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Mpn pasHoBecue, GPOAT Ha 4vacTUUUTE, CbAbpXalM Ce B eauHuua obem B
3aBUCMMOCT OT BUCOuYMHATa, MOXe fga Gbae MoagenvpaH B CbOTBETCTBUME C
BonumaHoBOTO pasnpeaeneHue:

Ty = exp[_ Eh _Eho ]
N, RT
KbAeTo Nhe GDOST Ha Yactuuute B eguHuua obem Ha BucovuHa h,

Nro © BPOAT Ha yacTuuUTe B eauHNULa obem Ha pedepeHTHa BUCOuMHA
ho,

E;, e rpaBMTaLMOHHA NOTEHUManHa eHeprua Ha eauH mole YacTuum Ha
BUCOYMHA h cNpAmMO YacTUUUTe Ha AbHOTO Ha Tybyca.

R e yHuBepcanHa rasoea koHcTaHTa, 8.3145 J K™ mol™.

Bb3 0cHOBa Ha AaHHWUTe oT Tabnuuarta no-rope e HayepTaHa rpacduka 8 KOOpAHaTH
In(nn/ nno) / (h — hy). PechepeHTHaTa BrcounHa € 5 pm oT ALHOTO Ha TyDyca.
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j) WsBepete uspas 3a rpagueHTa (HaknoHa) Ha npagara.

k) Onpegenete KOHCTaHTaTa Ha ABoragpo oT Te3u AaHHU
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Decopbunata Ha atomn H e oT nbpeu nopaAbK NO OTHOweHWe Ha 6pos Ha
aacopbupaHute atomm H (o3Havenn ¢ N). CkopocTHaTa KOHCTaHTa Ha eTana Ha

pecopbums e kg = 1.9x107> s,
b) Kato npuemeTe, Ye ce u3sbvpluBaT camMmo a,qcopﬁuuﬂ n Aecopﬁuuﬂ, n3yucneTe

6pos Ha H aToMn B CTauMOHepHO cbCTosHWe, N, BbpXy NOBBPXHOCTTA Ha
npaxosa YyacTuua.

BogopoaHuTe aTomMu ca NOABWXHU BbpXY NOBbPXHOCTTA. [pu cpewa nomexay cu,
Te pearupart Ao nonyyasaHe Ha monekyna Hp, koaTo cnep Tosa ce Aecopbupa.
[lBaTa KMHeTMUU Mogena, KOUTO pasrnexaame, ce pasnuyasart No HayuHa, No KOUTO
ce Moaenupa peakuusaTa, KaTo B TAX y4acTBaT €4HN U CblN CKOPOCTHU KOHCTaHTH
ka, kg v k. Ha aacopbuus, gecopbuus n GuMoneKkynHa peakuus, KouTo ca AaAeHu no-

aony.
ko= 1.4x10% cm®s™

ky=1.9x1073 g™
k =5.1x10*s™
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Mogen A

Peakuuata Ha obpasyBaHe Ha monekyna H; ce pasrnexaa kaTto peakuus oT BTOpU
nopsabk. CkopocTTa Ha HamansBaHe Ha H aToMu BbpXy NOBBLPXHOCTTA Ha NpaxoBa
YacTuua B pesynTaT Ha peakuyus e kN2

c) Hanuwere KUHEeTUYHOTO ypaBHEHME, KOETO fNOoKasBa WU3MeHeHueTo Ha N,
oT4uTankn apcopbuunn, aecopbumus n peakuus. Kato npwemete ycnosusta 3a
KBA3UCTALMOHEPHOTO CHCTOSHME, U34YUCNETE CTONHOCTTA Ha N.

N=

d)  Wsuucnete ckopocTTa Ha nonyyasaHe Ha H, 3a BCAKa npaxoBa Yactuua 8
TO3U MOZen.
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Mopen B

Mogpen B aHanuanpa BEPOATHOCTTA Ha NpaxoBWTe YacTUUM Aa ce Hamupar 0, 1 unu
2 H aTtomu. TpuTe CbCTOAIHMA Ca CBbP3aHN B peakuWoHHaTa cxema, pajeHa no-
pony. lMpepnonara ce, 4e mMakCMMym aBa atoma MoraT aa 6wvaart aacopbupauu

EAHOBpeMeHO.
% \

0 —& 2

Ponata Ha KOHUEHTpauwWn B KUHETUYHUTE YPaBHEHUA WUIMPasT X, X1 U X2 - YacTute
(fractions) Ha npaxosuTe YacTuuv, agcopbupauwwm ceotsetHo 0, 1, 2 atoma H. 3a
4YacTULK, HaMUpaLLW Ce B CLCTOSHUE M (C YacT Xmy,,) CKOPOCTUTE HA TPUTE Bb3MOXHM

npoueca ca:
Aacopbuua (m — m + 1) ckopocT = Ka[H]x,
Oecopbuna (m — m - 1). ckopocT = KgMXm

Peakuma (m — m - 2): ckopocT = Y2 kem(m—1)xm

e) Hanuwere kuHeTuyHuTe ypasHeHus 3a dx,/ dt — CKOpoCcTU Ha u3MeHeHne Ha
Xo, X1 U X2.
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f) KaTto npuemerte ycnosuATa 3a KBa3uCtTaunmoHepHO CbLCTOAHUE U nanonasare
ropHUTEe KUHETUYHWU ypaBHEHUA u3BegeTe M3pa3sn 3a OTHOWEHUATa Xa/xy U
X1/Xo W n34ncneTe CTONHOCTUTE Ha TE3U OTHOLLEHUA.

9) U3uncnere CToOMHOCTUTE Ha YacTUTE Xo, X1 and X2 32 CTALUUOHEPHO
CBuCTOAHUE.,

[Ako He cTe usumcnunu otHowewnusTa B (f), nanonasawnTe x2/x1 =au xi/xo=b
U 3anuweTe pesyTtaTta kato anrebpuyeH nspasj.
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