41st INTERNATIONAL _
e VCHE:AISTRY OLYMPIAD ONOMATEMNQNYMO:

UK JULY 18-27, 2009
KQAIKOZ MAOHTH: CYP-S4

Odnyiegg yia Tn OswpnTikn E¢ETaon

Mpémel va ypAyeTe To 6vopa oag kai Tov kwdiké e§etalopévou ot Kabéva
arrd Ta QUAAGSIA TWV ATTAVTITEWV.

O emITPETTOHEVOG XPOvog e&éraong eival 5 wpeg. MTTopeite va §ekivijoeTe
Mévo agou oag SoBei n Siarayn n oxerkn evioAr ekkivnong ‘START’.

Na xpnoiIJoTToIElTE HOVO TNV UTTOAOYIOTIKH HNXavi) TTou 6ag TTAPEXETE.

O1 amavtioelig oag kai n eme§epyacia Toug TPETTEI va avaypagovial Hovo
oToug E1I5IKOUG KEVOUG XWpPoug (TeTpdywva) Trou TrpoBAétTovral
ondnmote ypagel ektdg Twv edIkwv Kevwv dev Ba BaduoioynBei. lNa
TPOXEIPO WTTOPEITE va XPNOINOTOIEITE TO TiOW HEPOG Twv OEAIdWV Twv
PUAAaBiwv.

O1 Tux6v utroAoyiopoi TTpémel avaypdovral oToug £18IKOUG KEVOUG XWPOUG
(teTpdywva) 6tav autd eivar amapainro. Av SWoeTe pévo T0 oWOoTd TENKG
atrotéAeopa yia éva TTOAUTTAOKO uTroAoyIopd Xwpig va @aivetal n OXETIKA
eme€epyaoia, de Ba wapeTe kavéva Babpd yia auté To JiiTnua.

Ta apidunTikd amoteAéopara Sev £Xouv vonua Xwpig TG KATAAANAeg
povadeg. H éAAeign povadwv, 6trou Inreital, Ba éxel wg emimrwon
peydAn peiwon otn BaduoAoyia. Meydhn mpoocoxr wpétel va 508ei oTo va
QVAQEPETE TIC ATTAVTHCEIG 0ag PE TOV KATAAANAO apiOpd onUavTIKwy Yneiwv.

OewprjoTe 6T 6Aa Ta agpia eival 1IdavIKa.

Orav yivelr n avakoivwon (STOP) va oraparioeTe va SouAelere, OTO
TéAOG TWV 5 WpWV, TPETTel va uttakoloeTe dueca. Otroia kabuotépnon
va TO KAVETE MTTOPEI va oBnynoel oTnV aKkupworn Tng CUHHETOXNG TOg
otnv egéraon (disqualification).

Orav olokAnpwlei n eféraocn wpémer va BdaAere 10 QUAAGSIO
aTTavroEWV OTOV £151KO PAKeEAO TTou oag Exouv dwoel. Mn oppayioere
TO QAKEAO.

Mn @UyeTe amwd Tnv AiBouca e§éTaong pEXP va cag BoBEi n evioAr) aTrd
Tou¢ YmeUBuvoug. To @uAAadIo e§éraong £xXel 42 OEAIDEG.

H emionun ayyAikr ékdoon autrig Tng e¢Etaang eivar atn didBean oag av
emOuyeite va tn BeiTte yia kdtroia dieukpivion.
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2TAOEPEXZ
Name Symbol Value
Avogadro constant N, 6.0221 x 10® mol™

Boltzmann constant ke 1.3807 x 102 J K™
Gas constant 8.3145 J K™ mol™
Faraday constant F 96485 C mol™
Speed of light c 2.9979 x 10 ms™
Planck constant h 6.6261x10*Js
Standard pressure p° 10° Pa
Atmospheric pressure Pam 1.01325 x 10° Pa
Zero of the Celsius scale 273.15K
fSr;aenfc;l:-.;lrd acceleration of g 0807 m s
Bohr magneton Us 9.274015 x 107#J T~
Xpnoipeg E§ilowoeig

Oykog Tou KUou

Vykog TnG o¢aipag

Auvvapikf Evépyeia Tng Bapurtnrag

E€iowon 15avikwy aepiwv

E¢iowon Arrhenius

Tumwog Tou Zmiv (Spin only formula)

k=Aexp (-E,/RT)

per = A/n(n +2) Bohr magnetons
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Periodic table witﬁ relative atomic masses

1 18
1 2
H He
1.008| 2 13 14 15 16 17 | 4003
3 | 4 s |6 |7 {8 ]9 |10
Li | Be B|C|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 |cl]Ar

292431l 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 | 20 | 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
39102 40.08 | 44.96 [ 47.90 [ 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
B5.47 | 87.62[88.91 |91.22 | 852.91 | 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| 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
132.91/137.34138.91|178.4| 180.95(183.85| 186.2 [ 190.2 | 192.2 |195.09(186.97|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 [69 [70 | 71
*Lanthanides [Ce | Pr [Nd |Pm |{Sm|Eu |Gd (Tb [Dy |Ho |Er [Tm|YDb |Lu
140.12 | 14091 | 144.24 150.4 | 15196 | 157.25 | 158.93 | 16250 | 164.93 | 167.26 | 168.93 | 173.04 | 17497
9 |91 [92 {93 |94 |95 |96 {97 |98 |99 [100 | 101 [102 | 103
*Actinides |Th |Pa{ U [Np |[PulAm|[Cm|Bk |Cf |Es|Fm|Md|No|Lr

23201 23803
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KQAIKOZ MAOHTH: CYP-S4

MpépAnua 1  10% tng oAikng BaduoAoyiag

NMpoodiopiocudg TG oTabepdg Tou Avogadro

1a (1b | 1c |1d | 1e | 1f | 1g [ 1h | 1i | 1j | 1k | Zuv.

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

MoAAEG BlagopeTikEG PEBODOI EXOUV XPNOIHOTTOINGEI YIa TOV TTPOGBIOPICHS TNG
otabepdg Tou Avogadro. Tpeig diagopeTikoi péBodoi divovrar Trapakdrw.

M£Bo8og A — amrd Ta Sedopéva epibAaong aktivwy X (X-ray diffraction)
(o0yxpovn pééodog)

H povadiaia kuweAida (unit cell) eivar n pikpdrepn emavaiapBavéuevn povada ot éva
KPUOTAAIKO TAéypa. H povadiaia kuyeAida Tou KpuoTaAAIKOU TTAEYUATOG TOU
Xpuoou (Au) Bpédnke péow TePiBAacng aktivwy X va £xer Sopn KUBIK oAcedpIKA
KevTpwpévn (face-centred cubic unit structure) dnA. étrou 10 KéVTPO KABE ardpou
gival eykareoTnUEVO OE KABE ywvia Tou KUBou Kal oTo KévTpo KGBe €dpag. H TAsupd
¢ Hovadiaiag kuyeAidag Bpebnke va eival 0.408 nm.

a) 2xedidaorte 1 povadiaia kuyeAida kai UTToAoYioTE TTOOQ ATopa Au TTEPIEXEL.

Movadiaia kuweAida (Unit cell):

ApIBuog ardpwy Au otn govadiaia kuyeAida:

2elida 4 /42



CHEMISTRY OLYMPIAD

V 415t INTERNATIONAL ONOMATENQNYMO:
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b)  H mukvérnTa Tou Au eivar 1.93 x 10* kg m™. YrroAoviote Tov dyko kai T
pala tng povadiaiag kuweAidag (cubic unit cell).

Oykog:

Mda:

c) Emopévwg utroloyiaTe Tn pdda evog arépou xpuaou (Au) kai Tn oTaBepd Tou
Avogadro, deBopévou OTI n OXETIKA atopikr pada tou Au eivar 196.97.

Mdada Tou aréuou Au:

2108€epa Tou Avogadro:

MéBodog B — amrd padievepyn Sidotraon (radioactive decay - Rutherford, 1911)

H oeipd padievepywv diacTrdoswy Tou “°Ra eival 6TTwe paiveral Tapakdarw:

226Ry — L, 222 3825d_ 218py 30M_ 2q4py 268m_ q4p; 199m
214pgy 16438 210py 223y, 210g; 50139, 210p, 13844 208p),

O1 xpévor Tou utrodeikvuovrai eival nuIwrig, o1 povadeg eivar: y = xpoévia, d =
NUEPEG, m = Aetrtd. H wpwrn didoraon, wou cupBoAileral rapamdvw Ke £, EXEl
XPoOvo nuIdwrig TTOAU HEYAAUTEPO améd Twv GAAWY.
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CHEMISTRY OLYMPIAD

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

KQAIKOZ MAOHTH: CYP-S4

g) Merd 10 mépag Twv 163 nuepwv 1o deiypa BpEdnke va TepiExel 10.4 mm? He,
peTpnpévo oe 101325 Pa kai 273 K. YmoAoyigte Tn otaBepd Tou Avogadro
améd autd Ta dedopéva.

h) Aedopévou 6m n oOxemk pada Tou icotémou 2°Ra petpnuévn péow
pacuaroypagia pdadag eivar 226.25, xpnoipotromjote T BiBAoypa@ikni Tipn
™G oTabepds Tou Avogadro (6.022 x 102 mol™) yia va utoAoyicete Tov
apiBpéd Twv arépwv 2°Ra oto apyikd delypa, nga, T oTalepd TaxUTATAG
didoaong, A, kai 1o Xpovo nuidwric, ¢, Tou #?°Ra (oe xpovia). Xpeidetal va
AGBete uméyn TG dlaoTdoelg pEXP!I TO 106TOTTO Tou KaBoploTnke oTnv
TepiTTwaon (e), Xwplg va 1o GUUTTEPIAGBETE.

NRa = L=
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CHEMISTRY OLYMPIAD

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

KQAIKOZ MAGHTH: CYP-S4

Mé8obog C - diaotropd cwparnidiwy (dispersion of particles - Perrin, 1909)

‘Evag amé Toug pwToug akpieic wpoodiopiopols Tng oTabepds Tou Avogadro
EMITEUXONKE pECW TNG PEAETNG TNS KaTakdpupng diaotropdg, utrd v emidpacn Tng
BaputnTag, Twv KOANOEIBWY CwiaTISIWV TTOU AlWPOUVTal OTO VEPS. & éva TEToIo
meipapa, cwparidia pe aktiva 2.12 x 107 m kar TukveTnTa 1.206 x 10%kg m™
apéenkav va aiwpnBouv o€ éva cwAnva pe vepd atoug 15 °C. Merd tnv épodo
apxeToU XPOVOU yia TNV amokardotaon Tne 1soppoTriag, waparnpiénkav ol
TapakdTw pécol apiBpoi cwpandiwv ava povada dykou ot Téooepa dIaPopeTIKG
oyn amd Tov TTUBUEVa Tou owArjva:

ogog/10° m 5 | 35 | 65 | 95
Méoog apiBpog
cwpandiwvavda | 4.00 | 1.88 | 0.90 | 0.48
povada éykou

i) Oewpwvrag 6T Ta cwparidia gival ceaipikd, utroAoyioTe: Tn pada, m, Tou
owpandiou, Tn gala Tou vepol TTou eKTOTTIZEI, Mpz0, KAI TRV DPAOCTIKI
(effective) paZa rou cwpamndiou oto vepd Adyw TnG dvwong (dnAadr
AapBdvovrag urdyn TV TTPOG Ta avw SUvapn TNV oQeIAGUEVT OTOV BYKO Tou
EKTOTNIOpEVOU vepoU). OewpriaTe 6T ) TTUKVOTATA Tou vepoU eival 999 kg m™,

m= My20 =
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KQAIKOZ MAGOHTH: CYP-S4

Zv iooppomia, 0 apBuds Twv cwandiwv avd povada dykou oe SIAQopETIKG Uyn
pTropel va akoAouBel To povrého karavouric Boltzmann:

E,-E,
RT

n,
My,

OTTou N eival 0 apIBpédg Twv cwpandiwv avd povada dykou og Uyog h,

Npo €ival 0 apIBpog Twv cwpaTdiwv avd povada 6ykou 610 UYWog avagopdg hy,

Ej eival n Baputiki duvapikry evépyeia (gravitational potential energy) avd
mole Twv cwpandiwv ae Uog h oe oxéon e Ta cwyaridia oTov TTUBPEVA Tou

OwArjva.

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

Napakdrw divetal n ypagikr mapaotaon In(n, / nno) we wpog (h — h), Baciopévn ata
dedopéva Tou avwTépw Trivaka. To byog avagopdg eival 5 um amd Tov TuUBuéva Tou
owAnRva.

0 20 40 60 80 100

-0.5

-1.0 \
-1.5 »\

-25

In(np, / Npg)
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CHEMISTRY OLYMPIAD

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

KQAIKOZ MAOHTH: CYP-S4

i) Na dwoere pia ékpacn (TUo) yia Tnv KAion (gradient - slope) Tn¢g euBeiag
TOU dIaypappaTog.

k) NpoodiopigTe Tn oTaBepd Tou Avogadro amd autd ra dedopéva.
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MpéBAnua 2 10% Tng oAikig BaduoAoyiag
AilaoTpiki Mapaywyni H,

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

2| 2|42 |6)|6]|3|2]6 33

Av U0 dropa cuykpouoTouv o€ BIaoTpIKG XWpPo, N EVEPYEIQ OTO cuvakdAouBo poépio
givar 1600 peydAn ou ypriyopa diaomrdral. Ta dropa udpoydvou avribpouv yia va
dwaoouv gTabepd pépia Hx povo otnv em@dveia ocwpandiwv okévng. Ta cwparidia
okévnNg amoppo@olv TNV TEPIGOOTEPN aTmd TNV TEPIOCEIQ EVEPYEIAG KAl TO HONIG
oxnuanfopevo Ha ypriyopa mpoopo@dral. Auté 1o epwrnua egeraler d0o xivnTika
HoVTEAQ yia TO oXNHATIONO Tou Hz oTnv em@dveia evég cwuandiou okévng.

Kai ota duo povréha, n otabepd ¢ taxutnrag mpoopdéenong ardépwv H otnv

em@dvela owpandiwv okévng eival k, = 1.4%x107° cm® s™'. H tumk TrukvoTTa TWVY

aropwyv H (ap1Bpdg ardpwy H avda povada éykou) oto diaotpikd xwpo eival [H] = 10
-3

cm™.

[Enueiwon: oe 6oa akoAouBolv, MTTOPElTE va XEIPIOTEITE TOUG aPIBUOUG
TPOCPOPNHEVWV ATOHWVY Kal TIS TTUKVOTNTEG atdpwy Ot aépia @acn pe tov idlo
akpifwg TROTO OTWG XPNOIHOTIOIEITE KAVOVIKE OCUYKEVTPWOEIS Ot €§ICWOEIG
Tax0TnTag. Zav amoréAecpa, ol Hovadeg TNG oTabepdg TaxUTATAG PTTOPEI va pnv oag
gival oikeieg. O1 taxurnreg avridpaong (oe authi tnv TeEPITTTWON) €xouv povadeg
EKQPACUEVES GE apIBPOUG aTopwY 1] Hopiwv avda povada xpévou.)

a) YmoAoyigte tTnv Taxutnra pe tnv omoia ta dropa H wpoopogouvral ot £va
ocwparidio okdvng. Mmopeite va umoBEceTe 6T N TaxuTnTa eival oTabepry ot
OAn 1 didpkela.

2eAida 11 /42




CHEMISTRY OLYMPIAD

V 415t INTERNATIONAL ONOMATENQNYMO:
UK JULY 18-27, 2009

KQAIKOZ MAOHTH: CYP-S4

H ekpbéepnon Twv arépwy H eival TpwTng TaENg Wwe TPOog Tov apiBpéd Twv
TpoopoPnHévwy ardpwyv. H oTabepd tng TaxutnTag yia T ¢a&aon e ekpdenons
givanl kg=1.9%x103s".

b) YmoBétovrag Om ocupBaivel atokAeioTikG atroppdenon (adsorption) kai
expognon (desorption), utroAoyiote Tov apiOuéd, N, Twv ardépwv H otnv
em@dvela evog cwpandiou okovng o€ SUVORKeG OTABEPIG KATAoTAoNS.

Ta dropa H apouaidouv KivnTIKOTATA OTRV EM@AVEIA TNG okévng. Orav
cuvavTiouvtal avnidpoUlv TPog axnUaTiopud Hp, 1o omoio Perd ekpopdral. Ta duo
KIVRTIKG HovTéAa Trou e€etddovral diapEpouv oTov TPOTTO TTOU HOVTEAOTTOIEITAI N
avtidpaon, aAAd poipddovral Tig idIEG OTaBePEG TaxUTNTAG Ka, Ka, YIO TTPOCPOPNON
Ka ekpoPnan avrioroixa, kabwg kai TV k; yia T dipopiaki| avtidpaon, n otoia
Sivetal Tapakdrw.

k,=1.4x1075 cm?®s™
ks=1.9x107 g™
k =5.1x10* g™
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CHEMISTRY OLYMPIAD
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KQAIKOZ MAOHTH: CYP-S4

Movtéio A

H avtidpaon oxnuatiopol tou H; Bewpeitan SeUtepng TaéNG. Ze €va cwparidio
okovng n raxutnta avridpacng Tng amopdkpuvong Twv atéuwy H eival kN?

c) Mpdwre pia e€iowon yia v Taxutnra alhayig tou N, mepihapBdvovrag,
mpoopdenon, ekpdenon kai dipopiakl avridpaon. YwoBErovrag ouverkeg
o1aBepri¢ kardotacng Tou udpoydvou oTnv em@dvela TG okovNg,
mpoadiopiore Tnv Tipr Tou N.

N=

d) Y1oAoyioTe Tnv Taxutnra mapaywyrig Hz avd cwparidio okdvng o€ autd 10
HOoVTEAO.
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KQAIKOZ MAOHTH: CYP-S4

MovréAo B

To Movtédo B emixelpel va avaAdoel tnv mBavoetnta Ta cwuaridia tng okoévng va
@épouv 0, 1 ) 2 droya H. O1 TPeEIG KATACTACEIS OUVOELOVTQN HE TIG TTAPAKATW
oxnuarikéc aviidpdoels. Epyaoteite utrd Tnv wpoumdBeon 61 To woAw Suo aropa H
ptTopoUv va gival Tautéxpova TTPpoCcpoPrHEvVa.

AN

0K 2

Xo, X1 Kal Xo €ival Ta KAGopara Twv cwpandiwv okévng Ta otroia Bpiokovrail O
kardotaon 0, 1 fi 2 avrioToixa. Autd Ta kKAdopara ptropolv va xpnoigotron8olv oav
CUYKEVTPWOEIG OTNV TTapakdTw KivaTiki peAéTn. MNa éva oloTtnua o€ Karaotaon m Je
KAGopa owpandiwv okévNg Xm, OF TAXUTNTESG TWV TPIWV TIBavwyv dIEpyacitv eival:

Mpoopdéenon (m — m + 1): TaxuTnTa = ka[Hlxm
Exkpéonon (m — m - 1): Tayutnta = kemXm

Avridpaon dipgopiakry (m — m - 2): Taxutnra = Y2 ke m(m-1)Xm

e) Cpawrte €§I0WOEIS yia Toug pubuoUg alhayrig (TaxuTnTeg) dxm/ dt, Twv
KAQOUATWV Xo, X1 KAl X2.
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CHEMISTRY OLYMPIAD

v 415t INTERNATIONAL ONOMATENQNYMO:
UK JULY 18-27, 2009

KQAIKOZ MAOHTH: CYP-S4

f) YmoBérovrag Guverikeg oTaBeprig KaTaoTaong, XPNoIHOTTOINCTE TIG
mapamdvw e§ICWOEIG TaXUTNTAG YIa va PPEITE EKPPATEIS YIQ TOUG AGYOUGS Xo/X1 KAl
X1/Xo, ka1 SWOTE TRV TIPr yia autoug Toug Adyoug.

g) AWOoTE TNV TIPA YIa Ta KAGOHATA X, X1 KAl X2 O OUVOKES OTaBEPNG
Karaoraong.

[Av Bev pyropéaare va TPoodIopiceTe TIG TIHEG Twv Adywv oTo (f),
XPNOILOTIOIOTE X2/X1 = @ Kal X1/Xg = b xa1 SwoTe 10 amoTéAecpa aAyeBpikd]
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