CHEMISTRY OLYMPIAD

V 41st INTERNATIONAL ONOMATEMNQNYMO:

UK JULY 18-27, 2009
KQAIKOZ MAOHTH: GRC-S1

Odnyiec yia Tn OswpnTiki EETaon

MNpémel va ypAyeTte To 6vopa oag Kal Tov Kwdiko e§etalopévou oe kabéva
atrd Ta QUAAGSIA TWV ATTAVTHOEWV.

O emiTpetrOpevog Xpovog e§eraong eival 5 wpeg. Mmopeite va §exivrjoere
pévo apou aag 5oBci n diarayr n oxeTikr| evioAn exkivnong ‘START'.

Na XpnoIHOTTOIEITE HOVO TNV UTTOAOYICTIKA HNYavi} TTOU 0ag TTaPEXETE.

O1 atravtioeIg 0ag KAl N eMEEEPYAcia TOug TTPETTEI va avaypagovial Hovo
otoug €151KoUG¢ Kevoug Xwpoug (TeTpdywva) Trou TrpofAétTovral.
Omndrirote ypagel ekT6G Twv €1dIkWv Kevwov Oev 8a PBabBuohoyndel. Ma
TPOXEIPO UTTOPEITE va XPNOIHOTTOIEITE TO TioW MEPOS TWwvV OeAidwv Twv
PUAAadiwv.

O1 Tuxév utrohoytopol TrpETrer avaypd@ovtal oToug EIBIKOUG KEVOUG XWPOUC
(teTpdywva) érav autd eival amapaitnTo. Av SWOETE HOVO TO CWOTO TEAIKO
aoTEAEOUa yia Eva TTOAUTTAOKO UTTOAOYIONS Xwpi¢ va @aivetal n OXETIKA
enegepyaoia, &e Ba wapeTe kavéva Babpd yia autd To riTnua.

Ta api@unTik@ arroreAéopara dev €xouv vonua Xwpic Tig KArdAAnAsg
Movadeg. H éAAenpn povadwv, omou Inreital, Ba éxer wg emitrrwon
HeyaAn peiwon orn BadpoAoyia. MeydAn Trpoooxr Tpétrel va 508ei oTo va
QvaQEPETE TIG ATTavVTOEIG 0ag HE Tov KardAARAoC apiBud onEAvTIKWY Yneiwv.

Otewpriote 6T 6Aa Ta aépia eival 1Idavika.

Orav yivel n avakoivwon (STOP) va orapariioere va SouAelere, oT0
TéAOG TV 5 Wpwv, wpémel va utrakoloeTe dueca. Dtrola kabuoTtépnon
va TO KAVETE PTTopEi va odnyfoe oTnv aklpwon TNG CUMHETOXIS oag
ornv egéraon (disqualification).

Ortav oAokAnpwlei n eféraon wpémer va BaAete 10  QuUAAGSIO
amavrioewy oTov £151K6 @dakeAo TTou oag £xouv dwoel. Mn oppayioere
TO PdkeAo.

Mn @Uyere amwé tnv AiBovca eéraong péxpl va oag 5oBei n evioArd amd
Toug YTeUBuvoug. To puAAadio e§éraong éxel 42 oeAideg.

H emrionpn ayyAikr ékdoon autrg Tng e€éraong eival oTn 8iIdBeon oag av
emBupeite va Tn Selte yia kdmoia Siukpivion,.
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KQAIKOZ MAGHTH: GRC-$1

*TAGEPEZ
Name Symbol Value
Avogadro constant N 6.0221 x 10 mol™
Boltzmann constant ke 1.3807 x 102 J K™
Gas constant R 8.3145 JK™' mol™
Faraday constant F 96485 C mol™
Speed of light c 2.9979 x 108 ms™
Planck constant h 6.6261 x 10 Js
Standard pressure p° 10°Pa
Atmospheric pressure Datm 1.01325 x 10° Pa
Zero of the Celsius scale 273.16K
2;Zn?a?'rd acceleration of g 9807 m -2
Bohr magneton Us 9.274015 x 107 T
Xpnoiyeg ESlIcwoeig
Dykog Tou KUBOU v=P
Oykog ¢ ogaipag V= %n’r‘?
Avvapiki Evépyeia tng Baputnrag E =mgh
E¢iowon I6avikwyv agpiwv pV=nRT
E€iowon Arrhenius k=Aexp (-Ea/RT)
Tutrog rou Zmiv (Spin only formula) Hoff = \/Im Bohr magnetons
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41st INTERNATIONAL
CHEMISTRY OLYMPIAD
UK JULY 18-27, 2009

ONOMATEMQNYMO:

KQAIKOXZ MAGHTH: GRC-51

Periodic table with relative atomic masses

1 18
1 2
H He
1.008| 2 13 14 15 16 17 | 4.003
3| 4 s |6 |7 |8 1910
Li | Be B|C|N/|[O]|F |Ne
6.94 | 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 1 Si| P | S |[Cl|Ar
22.89| 24.31 3 4 5 6 7 8 9 10 11 12 | 26.98} 28.08| 30.97 | 32.06 | 35.45 | 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 |[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 | 54.94 | 55.85 | 58.93 | 58.71 | 63.55 | 65.37 | 60.72 | 72.59 | 74.92 | 76.96 |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 |Z2r |[Nb|Mo| TciRu|Rh|Pd{Ag|{Cd|In|{Sn|Sb|Te| I | Xe
85.47 | 87.62 1 88.91 | 91.22 | 92.91 | 85.94 101.07|102.91| 106.4 |107.87|112.40|114.82(118.69]|121.75|127.60(126.80|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|[ Tl |Pb| Bi|Po| At |Rn
132.91|137.34/138.91|178.49/180.95|183.85] 186.2 | 190.2 | 192.2 |195.09{196.97|200.59(204.37] 207.2 | 208.98
87 | 88 | 89
Fr |Ra|Ac*
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 [ 14424 1504 | 15196 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 17304 | 174.97
90 |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
201 238.03
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KQAIKOZ MAOHTH: GRC-S1

Mp6BAnua 1 10% tng oAikig BaduoAoyiag

Mpoodiopicudg TG oTabepdg Tou Avogadro

fa|1b |{1c |1d | 1e | 1f [ 1g | 1h | 11 | 1j | 1k | Zuw.

4 | 4| 4] 2 1 2 | 316 |4)|3]|3 36

MoAAég BiapopeTikéG péBodoI £Xouv XpnoIpoTroinBei yia Tov Tpoadioptopd The
o1aBepdc Tou Avogadro. Tpeig diagopeTikol pEBodol divovral TTapakdarTw.

MéBoSog A — amrd ta dedopéva repidhaong akrivwy X (X-ray diffraction)
(ouyxpovn péodog)

H povadiaia kuyeAida (unit cell) eivan n pikpdTepn eTTavalaupavopevn Hovdda oe éva
kpuoTaAAiko TTAEypa. H povadiaia kuyeAida Tou kpuoTaAMkoU TTAEyaTog Tou
XpuooU (Au) BpéBnke pEow TeEPIBAaong akrivwy X va éxel dopr| kuBikr oAoedpikd
kevrpwpevn (face-centred cubic unit structure) dnA. 6rou 10 KévTpo KABE ardpou
elval EyKaTeaTNPEVO OE KABE ywvia Tou KUBou Kkai oTo KEVTPO KABE £6pag. H mAeupd
™G Hovadiaiag kuweAidag Bpédnke va eivar 0.408 nm.

a) Zyedidote Tn povadiaia kuweAida kar utroloyiogTe Téoa dropa Au TTEPIEXEL.

Movadiaia kupeAida (Unit cell):

ApiBué¢ arépwv Au ot povadiaia kuweAida:
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v 41st INTERNATIONAL ONOMATENQNYMO:
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KQAIKOZ MAOGHTH: GRC-S1

b) H TrukvoTATa Tou Au eivar 1.93 x 10* kg m™. YmoAoyigte Tov 6yKo kai T
HéZa Tng povadiaiag KuweAidag (cubic unit cell).

Dykog:

Mada:

c) Etropévwg utrohoyioTe T pada evog ardpou xpuoou (Au) kal Tn oTtabepd Tou
Avogadro, dedopévou 6T n GXETIK) atopikr) pada Tou Au eival 196.97.

Mala Tou arépou Au:

21aBepd Tou Avogadro:

MéBodog B — amd padievepyr] Sidotraon (radioactive decay - Rutherford, 1911)

H oeipd padievepytov SiacTrdoewy Tou 2°Ra eival dTmwe gaiverar TApaKarw:

226Ra t 222Rn 3.825d 218P0 310m 214Pb 26.8m 214Bi 199m

214py 14348 210py 223Y_ 210g; 50134, 210p, 13844, 208py

O1 xpovot TTou utrodeikviovral eival nIZwrig, ol Jovadeg eivat: y = xpévia, d =
NUEPES, m = AemTd. H mpwtn Bidotraon, Tou cupBoAideTal TTapatrdvw e ¢, EXEl
Xpovo nuIdwrig oAU HEYAAUTEPO aTTd TWV GAAWV.
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CHEMISTRY OLYMPIAD

v 415t INTERNATIONAL ONOMATENQNYMO:

UK JULY 18-27, 2009
KQAIKOZ MAGHTH: GRC-S1

g)

MeTd 1o Tépag Twv 163 nuepwv To deiypa BpEdnke va TepiExel 10.4 mm? He,
HeTpnuévo oe 101325 Pa kal 273 K. YroAoyioTte Tn oTaBepd Tou Avogadro
amd autd ta dedopeva.

h)

Acdopévou 6T N oxemiky pdla tou 1ootoou 2®Ra perpnuévn péow
pacuaroypagia palag eivar 226.25, xpnoipowoijore Tn BiBAoypagikr T
NG oTabepdg Tou Avogadro (6.022 x 102 mol™) yia va umoAoyioere Tov
apiBpd Twv arépwv 2°Ra ato apyiké Selypa, nra, TN OTABEPd TAXUTATAS
didoTraong, A, kai 1o Xpévo nuidwiic, ¢, Tou #°Ra (ot xpovia). Xpeidletal va
AdBere umoywn mig OSlaoTrdoeig péxpl TO 1I06TOTTO TTOU KaBOPIoTNKE OTNV
mepiTTwon (e), Xwpi¢ va 1o GUUTTEPIAGRETE.

NRa =
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CHEMISTRY OLYMPIAD

V 41st INTERNATIONAL ONOMATEMNQNYMO:
UK JULY 18-27, 2009

KQAIKOX MAGHTH: GRC-81

MéBoSog C - Siaoropd owpandiwv (dispersion of particles - Perrin, 1909)

‘Evag awé Toug Tpwioug akpifeig Tpoodiopiopous Tng atadepdg Tou Avogadro
EMTEVXONKE PECW TNG HEAETNG TNG KaTtakdpupng dlaoTropdg, UG TNV eTMidpacn TN
BapuTnTag, Twv KOAOEISWV cwpaTdiwy Tou aiwpouvTal 0To VEPS. Ze éva TETOI0
Telpapa, cwpaTidia e akTiva 2.12 x 107 m kai TukvéTnTa 1.206 x 10° kg m™
apédnkav va aiwpnBouv ot éva cwArfva pe vepd atoug 15 °C. Metd v Tapodo
apKETOU XPOVOU YIa TNV aTrokardoTaacn Tng IcoppoTiag, aparnerénkav ol
Tapakdrw péool apidpoi cwpandiwv avd povdda éykou o€ TECOEPA DIAPOPETIKA
Own amwé Tov TTuBuéva: Tou owArva:

owog /10 m 5 | 35 | 65 | 95

Méoog apiBpog
cwpandiwv ava | 4.00 | 1.88 | 0.90 | 0.48
povada dykou

i) Ocwpwvtag 6T Ta cwparidia eival ogaipikd, uroAoyioTe: Tn paga, m, Tou
owpanbiou, Tn pdda Tou vepol TTOU EKTOTTICE!, Mu20, KAI TNV OPAOCTIKNA
(effective) pala Tou cwpandiou oto vepd Adyw NG dvwong (dnAadri
Aappdavovrag uréyn TNV TPOG Ta Avw duvapn TNV oPeIAGUEV OToV GYKO TOU
EKTOTTIOPEVOU VEPOU). OewprioTe 6TI N TTUKVOTATA Tou vepoU eivar 999 kg m™.

m= M0 =
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KQAIKOZ MAOHTH: GRC-S1

Znv 100ppoTia, 0 apIBUoS TwWy cwHaTIdiWY avd povada dykou o€ dIapopeTIkG Uyn
HTTopel va akoAouBel To povtéAo karavoprig Boltzmann:

My _enp| -Er"En
n, RT
oémou  np eivan 0 ap1BpédS Twv ocwpandiwv avd povada dykou o€ Uyog h,

Npo €ivan 0 apIBP6S Twv ocwpandiwv avd povada Gykou oTo UYog avapopde hy,

Ep eival n Bapurikr Suvapikr evépyeia (gravitational potential energy) ava
mole Twv owpandiwv oe Uyog h ot oxéon pe Ta cwyaridia oTov TUBpéva Tou
owArva.

R eivai n otaBepd Twv aepiwv, 8.3145 J K mol™.

MNapakarw diveral n ypa@iki wapdaraaon In(ny/ nhg) wg mpog (h — hy), Baciopévn ota
dedopéva Tou avwrépw Tivaka. To VYog avapopdg eival § um amd Tov TTUBPEva Tou
owArjva.

0 0 20 40 60 80 100
-0.5
-1.0 A

IN(np, / Npy)

N |
' <
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CHEMISTRY OLYMPIAD

V 41st INTERNATIONAL ONOMATENQNYMO:
UK JULY 18-27, 2009

KQAIKOZ MAGHTH: GRC-81

i) Na 5waogre pia ékppacn (TUTo) yia Tnv kAion (gradient - slope) Tng euBeiag
ToU diIaypApparog.

k) Mpoaodiopiote TN oTaBepd Tou Avogadro amwéd auta ta Sedopéva.
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CHEMISTRY OLYMPIAD
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KQAIKOZ MAOHTH: GRC-S81

MNpéBAnua 2  10% Tng oAIKnG BadpoAoyiag
AaoTpikn Mapaywyn H;

2a |2b | 2c | 2d [ 2e | 2f |2g | 2h | 2i | Zuv.

2 2| 4|2|6|6]|3]|]2]|6 33

Av 800 dropa cuykpouoTouv Ge JIGOTPIKO XWPO, N EVEPYEIQ OTO cuvakdAouBo podpIo
eivar 1600 peydAn Trou ypriyopa diaotrdral. Ta dropa udpoyévou avridpoulv yia va
dwoouv oTabepd popia Hz pévo otnv emeaveia cwpandiwv okovng. Ta cwuaridia
okdvng amoppoPouv Tnv WePICOOTEPN amd Tnv WePIoOEIa eVEPYEIOS KAl TO HOAIG
oxnHangéuevo Hz ypriyopa tpoopo@dral. Autdé To epwrnpa e§etdlel dUo KivaTika
HovTéAa yia To oxnpatiops tou Hz otnv emigdveia evog owpandiou okévng.

Kai ota &Uo povréAa, n otabepd g taxutnrag mwpoopdenong ardpwv H otnv

emM@Avela owpandiwv okovng eivar k; = 1.4x107° cm?® s™'. H tumkn TrukvoTnTa TWVY

aropwv H (apiBudg atépwy H ava povdada dykou) oto diactpikd xwpo eivai [H] = 10
-3

cm™,

[Znuelwon: oe 6oca akoAouBolv, pmopeiTe va XEIPIOTEITE TOUG QPIBUOUG
TTPOCPOPNUEVWV ATOHWY Kal TIG TUKVOTATEG arépwv o aépia @don He Tov iGio
akpiBwg TPOTTO OTWG XPNOIMOTTOIEITE KAVOVIKGA OUYKEVIPWOEIS Ot €EI0WOEIC
TaxuTnrag. Zav amotéAeopa, ol Hovdadeg TG oTaBEPAS TaxUTNTAg POpPEl va Unv oag
eivar oikeieg. O1 TaxutnTeg avridpaong (oe autr TRV TepiTTwon) €XOUV HOVAEDES
EKPPACHEVEG O apiBpoug arépwy I popiwv avd povada xpdvou.)

a) YmoMoyioTte tTnv taxutnta pe tnv omoia Ta dropa H mpoopogouvral ot éva
cwparidio okévng. Mmwopeite va umoBéoere 6T n Taxurnra eival oTadepry ot
OAn Tn Siapkeia.
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KQAIKOZ MAOHTH: GRC-S1

H expoenon Twv atépwy H givar Tpwtng T§ng we Tpog Tov apiBuéd Twv
TPoopOPNHéVWY ardpwy. H oTabepd Tng Taxutntag yia Tn eaon g ekpdenong
elvan kg=1.9x107 s,

b) YmoBétovrag 6Tt cupfaivel atmrokAeloTIkG artroppéenon (adsorption) kai
expopnon (desorption), utroAoyiote tov apiBud, N, Twv ardpwv H oty
emipdvela evog cwpandiou okdvng oe cuvoiikeg oTaBepig KardoTaong.

Ta dropa H mapouatialouv KivaTikéTnTa oTnv emi@dveia Tng okévng. Otav
ouvavTiouvral avtidpolv TTpog oxnuariopd Hz, 1o omoio HeTd ekpogdral. Ta 500
KIVATIKA povTéAa Trou e€eTGiovial Siapépouv GToV TPOTTO TTOU HovTEAOTTOIETal N
avridpaan, aAAa poipddovral Tig idiEg oTaBepég TaxuTNTag Ka, kg, YIa TTPOCPOPRON
ka1 EKpOPNON avTioTolxa, Kabuwg kai TNV K, yia T Sipopiakr avridpaon, n owoia
Giverar mapakdrw.

ko=1.4%x105 cm3s™
kg=1.9%x1073 g™
k =5.1x10% g™
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CHEMISTRY OLYMPIAD

V 41st INTERNATIONAL ONOMATENQNYMO:
UK JULY 18-27, 2009

KQAIKOZ MAOHTH: GRC-S1

MovTtédo A

H avtidpaon oxnuatiopou Tou Hx Bewpeital deltepng T1agng. e éva ocwparidio
okdvng n TaxutnTa avridpaong Tng amopdkpuvong Twv artdpwy H eivar kN2

c) (pdwre pa efiowon yia v taxutnta aAhayrig tou N, mepidappdvovrag,
Tpoopdenaon, ekpdenon kai dipopiakr avridpaon. YToBETOVTag OUVBNKEG
oT1aBepric katdoTacng Tou Uudpoybvou otV EMQAVEId TG OKOVNG,
mpoodiopiote Tnv Tipr Tou N.

N=

d) YmoAoyigte Tnv TaxitnTa Tapaywyrig Hz avd owparidio okévng oe autd 1o
HOVTEAO.
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CHEMISTRY OLYMPIAD
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KQAIKOZ MAOHTH: GRC-S1

MovTtéAo B

To Movrého B emixelpel va avaAuoe Tnv miBavotnta 1a cwyaridia g okoévng va
@épouv 0, 1 11 2 dropa H. O1 TPEIC KATAOTAOEIG CUVBEOVTAl HE TIC TTAPAKATW
oxnuarikés avnidpdoeig. Epyacoteite umwé v wpolwéBeon 6T 1o oAU &Uo dTopa H
HTTOpOUV va gival Tautéypova TPoapOPnHUEVA.

N,

0 —& 2

Xo, X1 Kal X2 €ival 1a KAGopara Twv cwpandiwv okévng Ta otoia Bpiokovral ot
kardotaon 0, 1 fj 2 avrioroixa. Autd Ta kKAdopara PIropouv va Xpnoipotroin8olv oav
CUYKEVTPWOEIG OTNV TTapakdtw KivnTikr peAéTn. Na éva oclvotnua G KardoTacn m pe
KAAOMHa owHamSiwv OKOVNG Xm, O TAXUTNTES TWV TPIWV TBavwy diepyaciwy elvar:

Mpoopoéenon (m— m + 1): taxdtnra = kg[H)xm
Expéonon (m— m - 1): rax0tnTa = kgymxm

Avridpaon digopiaky (m — m - 2): raxutnta = ¥z kem(m-1)xpn

e) Cpdwre eSICWOEIS Yia Toug puBpoUg ardayrig (taxutnteg) dx,, / dt, Twv
KAQOUATWY Xg, X1 KAl X2.
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KQAIKOZ MAOGHTH: GRC-S1

f) YmoBéroviag ouvlnkeg oTabeprig katdoTaong, XPnoIHOTTOINCTE Tig
Tapawdvw £§ICWOEIC TaxUTNTAG yia va BPeiTe EKPPATEIS yia Toug AGYoug Xa/x; Kal
x4/Xo, KQI SWOTE TNV TIPH} yIa AuTOUG TOUG AGYOUG.

g) Aware v TP yia Ta KAdopara xp, X1 Kal X2 0€ ouvBikeg oTabepnc
Kardoraong.

[Av Bev ptropéoarte va TrpoadiopiceTe TIG TIHES Twv Adywv aTo (f),
XPNOILOTIOINOTE X2/X1 = @ KAl X1/Xp = b Ko BWOTE TO AMOTEAETHA AAYERPIKA]
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