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VCHEMISTRY OLYMPIAD Uuhu:

UK JULY 18-27, 2009
NruvLNP 4N}k ARM-S1

8nignidukp

Zuninqytp, np dkp winibp b niuwbinnh Ynnp gpws ki jmpupurbiginip toh
YEpunmud hwnljugdus wtnnud:

Tnip nibikp 5 dund jutinhpubkph Ypuw wphunkjn hwdwp: Ujubp wohiunwtp
Uhuyyt START hpuwhwiighg htann:

Oquugnpshp dhuylt Akq mpudwnpyus hwodhsp:

Eninp wpymbpukpp whwnp b qpi hwnljugdus Jubguljikpnd: Fpwughg
nmpu qpyud ny Uh pu sh ghwhunm]tjm: Epk withpwdhbow £ ubwqph pruyp
oquuignpshp plpptph hurljunupd inmp:

Qkp hwoyupljukpp Wkpljuymgptp hwnljugus yutmpulukpnwd: Gph nmip
) Yhuyt £hown yuwnwuhiwbp wrwibg hwsywpljubph pnup skp uvwnwbw ny
uUh quwhunnuiljmts :

FJuyhy yunwupiwbbpp wthdwuwn Bh wnwbg sunpdwh vhundnph: Tmp
Jumquinjkp , kpt sphptp sunhvwt vhundnpp, npuinkn wyb ywhwheynud E:
“nip twb whwp k phplip &kp pyuyhtt yyunwupwbbikpp withpwdhow
Sogpuampjudp:

£nnp quqbkpp hudwpbp hnkwjujwt:

2kug np wipyh STOP hpuwhwtgp gnip whwp E widhguybu quinupkghtp dkp
wphunmatipp: Zmupun]ulp upnn & hublighby Abp ghulunh$hymghuh:
Ugjuunnwipp yppwmghiiimg htwn dkp phppbpp nknuinplp npunfwnpyus
spuph Ukg: Opwipp v thwljkp:

“np sybunp Eympu qup phibwukiyulyhg, dhitsh hpwhwhgh vinwbwyp:

Uju phbwwnndup punljugus k 42 kohg:.

Uthpudbpunm pymb ghiypnud 2kq Jupyh phiwwnnduh yupunntiwljwh
wbig hwwb wwppkpulp, ek ntukws ywupqupuibndkihp hwpgbp:
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41st INTERNATIONAL

CHEMISTRY OLYMPIAD
UK JULY 18-27, 2009

uuiku:

NpuvuNk 4Nl ARM-S1

dhqhljuwlwh hwununmbtp
Ubjubnmd Lowh Undbp
Uynqunpnh hwuwnwnnth Na 6.0221 x 10% un;™
Pnjguwbh hwununnih ke 1.3807 x 102 9y
Guqujhb hwunwwnnth R 8.3145 J K™ un™
$wpunkh hwuwnwnnth F 96485 C uny™'
Lnyuh wpwgnipjnil c 2.9979 x 108 u (™
Ml hwununnh h 6.6261 x 107> Qu
Uunubinupwn &aomd D’ 10° Mw
Uptninppuyht Lhonmud Datm 1.01325 x 10° Pa
2pn 8tuhniup 273.15 K
uwlinquinyg
Uquin wbljdwul g 9.807 ¢ Y7
wpwqugnid
Pnnh Jwqhkuint Hs 9.274015x 10 g §™

Oquuwljwup pwbwdbkp
unpwbupnh dwjuyy

Qtug dunjuy

Mnunkughwy thkpghw
bphwjwmjwi quqh hwjwuwpnud
Unpkuhniup hwjuwuwpmad

Uyhth hwpgupuub putiwdb

E = mgh
pV=nRT

k=Aexp (-E;/ RT)

Herr = /n(n+2) (Bohr magnetons)
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41st INTERNATIONAL
CHEMISTRY OLYMPIAD
UK JULY 18-27, 2009

Uunku:

NputuNk uNe: ARM-S1

Periodic table with relative atomic masses

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|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 [Si| P | S |CI]Ar
22.99| 24.31 3 4 5 6 7 8 9 10 1 12 | 26.98| 28.08 ) 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 [Cr(Mn|Fe|[Co|Ni|Cu|Zn|Ga|Ge|As| Se|Br|Kr
39.102| 40.08 [ 44.96 | 47.80 | 50.84 | 52.00 | 54.94 | 55.85 | 58.93 | 58.71 | 63.55 | 65.37 { 68.72 | 72.50 | 74.92 | 78.86 |79.804] 83.80
37 | 38 | 30 | 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54
Rb|Sr{Y |Z2r |[Nb|[Mo| Tc|Ru[Rh|{Pd|{Ag|Cd|In [Sn|Sb|Te| | | Xe
B5.47 (B7.62 | 88.91 | 91.22 [ 92.91 | 95.94 101.07{102.81| 106.4 |107.87|112.40{114.82|118.69|121.75[127.60]126.90|131.30
55| 86| 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
132.91[137.34/138.91|178.48]|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|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|Yb |Lu
140.12 | 14091 | 144.24 150.4 | 151.96 | 157.25 [ 158.93 | 16250 | 164.93 | 167.26 | 168.93 | 172,04 | 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
220 238.03
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41st INTERNATIONAL .
. VCHEMISTRY OLYMPIAD ULk
UK JULY 18-27, 2009
NrutuNP U1} ARM-S1

naigphp 1 10% of the total
Uilnqunpnjh hwunwwnnibh npnonudp

ia|{1b | 1c |1d [ 1e | 1f | 1g | 1h | 1i | 1j | 1k | Total
4 | 4 4 2 1 2 3 6 4 3 3 36

Uynqunpnjh hwuwnwwnnibp nppobpnme hundwp sunn wwpplip Ukpnnubp Bu
oquuuugnpdti: ‘Lpwtighg tpkpp tkplwjwgyws kb winnpli:

A Jkpnn - (FEiwngkijub nhppwlghuyh Enubwy (Gudwbiwljwulhg Ukpnn)

Swppuljub pohop hunfwmmu t pmptnh junrnigquspuyhb wltiwihnpp Yplinjng
Uhwynpp: Nuym pnipkinh jurmgguspuyghb nuppuljwb pohop Fhlnngktywi
nhdpulghwyh knuwbwlny hwpnbiwpkpyb) k, np nubih junputwppudlb jurnigywusp,
npnud wnndubpp puuwynpywsd b hbnlyuy Epy. Jkjulub wnmf wanjw t
lunputwupnh jnipupwyynmp ququpnud b dkjuljub® jmpupwiymp shunh
YEbwnpnunud: npubwpnudb wuppuljub peoh Ynnh Epjupmpeimbp npnpyk) £, np
mth 0,408 td Epljupnipynii:

a) ‘Ljupbp nnuppuiljub peoh wnkupp b npnpkp, ph hiypwts Au wnnd t pudhh
pujunud nuppuljwb peohtt” pliphwinp pmpkgnud:

Swppuljul pohe:

p jmplnnud mwuppuwjub peoht pwdhi puljunn Au unnndubkph phyp
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o 41st INTERNATIONAL .
CHEMISTRY OLYMPIAD gunku:
UK JULY 18-27, 2009
ARUULAND 4N ARM-S1

b)  Au-h unimpmbp 1.93 x 10* kg m™ (y q " u?): Zwoybp unpubwpnual
nwppulwh peoh Swyjwih n qubgqyudp:

Owyw).

Quibqus:

¢) Zwunjh wnhbiny YEpunud hwmpquplpjwdp’ quubkp nuljm Ukl unnndh
quigyusp b Uynqunpnjh hwununnibh wpdbpp® pugniukyny, np Au-h
hwpwpkpuljub wnnduyhtt ququsp 196.97 t:

Au Ukl wmunnudh quuqus:

Uynquinpnjh hwunnwwnndu:

B Jkpnn — nunhnwljnhy wipnhdwb hhuwb ypw (FEqlp$npy, 1911)
?*Ra-h nunhnwliny wipnhnuwip Uh pubh hinynyg hpwlwiwbnud Ehbnbuy Yipy.
226Ra t 222Rn 3.825d 218P0 3.10m 214Pb 26.8m 214Bi 19.9m

214P° 164.3& 210Pb 223! 21oBi 5013d 210P0 1384 d 205Pb

Upwphtph ypu gpuwé dwdwbwlh dvhunnplbpp hwdwyunnuwujuwt bniyjhgh
Yhuwwnpnhdwb ywppbkpnipynbikpl kb, y = wwaph, d = op, m = pnyk, ps =
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G 41st INTERNATIONAL .
‘ CHEMISTRY OLYMPIAD Uunku

UK JULY 18-27, 2009
NrUTLND YN ARM-S1

g) 163 op hkwnn wpdwhwgpyty &, np iinipp wyupmbwlmd k 10.4 42 He'
sunthywd 101325 Pa b 273 K wwjdwhkpnud: fipdwd thnpdwuljub nfjuybtph

hhuwt Ypw npnokp Uynqunpnih hwunuwnnith wpdtpn:

h) Uwu-uybfupndtinph  ogimpjudp npnpdkp k, np 2°Ra hgnuanuh
hwpwpbpuljuh wnndwhtt qubqiudp hwyjwuwp £ 226.25: Oqunugnpskiny
Uynqunpmh hwuwnwwnmith quwuwgppuyhtt wpdbpp (6.022 x 102 mol™)’
huoyt ujqpimljuits idnepnud 26Ra wnndubkph phyp (22:), 2°Ra nunhnwljunhy
wnpnhiwb hwunwnmbp (A) b 2Ra jhuwwnpnhdwh  wwpphpnipimp’
wnwphutpny (2): dmp whwnp t dhuyh hwoyh wnbkp wapnhnudp Jhtigh (e)
Ytwnnud npnpyws hqnunnwp (splngplikiny wyn hqninnyp):

nRa'_' ;L=
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415t INTERNATIONAL _
CHEMISTRY OLYMPIAD vunbu:
UK JULY 18-27, 2009

NruvLANk uNk: ARM-S1

Ulkpnn C - ywubhlyukph pusjumdp (Perrin, 1909)

Uynqunpnjh hwuwnunnnibh &qppun npngmuduliphg dklp Junwum]ty

£’ niunudbwuhpbiny Yninhn dwubhjubph nuynubhwjwug pwpunidp gpnud”™ pun
pupdpmpjut: Uyg dwubhlubpp opnid wnwgwgimud b untuy tiqghw: Ldwh
thnpakphg Ukymu 2.12 x 1077 swnun]nny b 1.206 x 10° Ygq U™ unmpjunip
yninhn dwubthbtpp 15 °C pwphuyky kb opny 1gjws junpnjwlmad: Fujwljut
Epjup dwdwbwly hknn hwjuwuwpwlyoenipinit b hwununyky, jungnyduiyh
hunnulhg ujuws snpu pupdpmipymbubkph ypw dhuynp sujuynud dwubhljutph
Uhghti phyp bnk.

Pupdpmpjmun / 10°%m 5 35 65 95

uhohtt php Uhwnp dwjunnud | 4.00 1.88 0.90 0.48

i) Cupmbb)m, np ywubhljukpp qguqudl B hwpytp Ukl dwubihjh qubqusp’
m; 9nh qubiquan, npp nnipu Eunymu wyny dwulihyh Ynnudhg mizo; b
uubhljh Epblnhy qubiquby spnd® M, (uy uhtpl, ykmp E hug i b
wnbb| Upphdbknh gnupu dnduwl nldhpE)ZQph]ummp]nth
plpnibp 999 Yq U™,

m= Muy20 =
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415t INTERNATIONAL .
™ VCHEMISTHY OLYMPIAD Uunku:
UK JULY 18-27, 2009
nruuuLNP 9N}t ARM-S1

Zujuuwpulzenmipyut Yyh&wlnud vwutthlubph phyp vhwynp sujwinud, jujujws
pupdpmpjmihg, jupnn . npnyk) Anigdwbih pwplunidm].

&=exp|:—Eh "E%J

n, RT

npunkn Ny dwubhlukph phyt tdhundnp swjwpnud A pupdpnipjub Jpue

Npo Uwubthybbph phyt & dhwynp sunjuymd Ap uljqphimljub pwpdpnipjub
Ypw: Uyqphwljwb pupdpnipinmiin” Ao = 5 dhipndbwpp * langnjuyh hunnwljhg
hwpyws.

Ep—p’ 1 Un dwuthliubph wnnkughuy thbkpghwb t° A pupdpnpjut Jpuw

hunpnjuljh hwwnwlh tundudp:
R-p' ququyhtt hwuwnunnmih £, 8.3145 9 4™ un ™.

IN(nh / Nho) Yujujwdnipywmt gpudhlyp (A — he)-hg, hhujws JEplih wnyniuwlh
ujunbiph Ypw, phipgws k uinnple

h— hy/ um
0 20 40 60 8 100

-0.5

NI
_ ~

-2.5

In(np / Nhy)
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o 41st INTERNATIONAL .
- VCHEMISTRY OLYMPIAD UL

UK JULY 18-27, 2009
NrutuNP N} ARM-S1

i) Uwnwgk’p wpunwhuwjnmpintup ninhn goh phipnipnit hwdwp' JEplmd
pipyud gnuidhljhg

k) Npnot’p. Uynquinpnih hwununnmbp wyn wijjwjukphg.
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41st INTERNATIONAL _
CHEMISTRY OLYMPIAD uunbu:
UK JULY 18-27, 2009

NrUTLAD BN ARM-S1

vunhp 2 10% of the total

Qpubih (H2) wrwowgmup vhpwunnuyht
wnwpudnipjnLunid

2a ([2b | 2c |2d | 2e | 2f | 2g | 2h | 2i | Total

2121 4|2|6|6|3]2]6 33

Gpp Yhowuwnnuyhtt mwpwbdmpymb ke opwéiuh tplnt wnnmiubpp pwhnnud k'
wnwowghiting unjkiny, wihgpwuynwd t huljuyuljwb pwiwlh thbkpghw, nphg
uUnjEYnyp YpYht npnhynud t wunndbbph: Qpudth juymb dmbyny’ He, Yupnn k
wnuwgwbw] vhuyhh dhpwuwnnujhh thnpm hwwnhlubkph dwlbplnypht’ gpwsth
wunndubph thnjuwqpigmpnithg: @nome hwnhlbbpp Jubnwd b wydkgniljuyhh
tukpghuyh ykd dwup b bnp wpwowgws Hz-tt wpwgnpbb Eipwuljynud t nhunpp-
ghwyh: Uju pugpnud phtwplpnud B thnpne hunnpljukph dwbkplingphtt H2 wnw-
swgdwl Yhutbnhjulwb tpym Unpkjukp: Bpyn Unpbjbkpmd B thnome hwnpljutph
dwlkpunyphtt  opwsth Jubflwh nkwlghuh wpwgmpud  hwunwumip
hwjuwuwp k & = 1.4x1075 ud® |*: Uhpwuwnnujht wmwpwsmpjul dkp H wnndbtph
lunmpjnibp (H wnndbtph phyp dhuynp swduynud) hwjwuwp E [H] = 10 wd=3.

[Bmgmd. Zbwwquymd pnjnp nbwlghwikph wpugmpymbubpp wpunwhwpunymd ki
wnunppyws wnndukph pyny’ thnpm dwlkptuhtt U ququyhtt dugnud quninjny
unnndubph Sunjuyuyhtt Ynhghhnpughuyny, hbywybu oquuugnpdmud kp Unjuyht
Ynugknpughwhbpp  phwlghunh  wpwgmpjuil  pwbwdbnul:  Uppynibpnud
nkwljghwjh wpugmpjub hwunwnmbh sunhnpuljuwimpyniip juipng k dkq hudwp
lhuk] whunynp: khwlghwh wpwgmpjut dhunjnpp'  dhunp  dwdwbwlnd
wunndukpp uwd dnjEynytkph phyu k]

a) Zmoykp thngni hwwnhljubpny H wunndubph winunppghuyh wpwgmpinibp:
p Jupnn Ep pinmiky, np wyn wpugmpntip hknmwqu hwyyupyiubpnd
hudwpynud ' hwununnndh:
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415t INTERNATIONAL _
CHEMISTRY OLYMPIAD gunku:
UK JULY 18-27, 2009

NnrUTLNNDP UN): ARM-S1

H wnndubph ghunppghwb wnweht jupgh k hwdbdunnws wnunppyws unnmibikph
pyh htwn® hwpgwsd thnom Ukl hwnhlh Jpw (hkinwquynud® N): Heunppghugh
wpugnipjwi hwunwwnnibp k7= 1.9x10-3

b)  Cupmbkm, np wnunppghwy b U nbunppghugh Uhol  hwuwnuall &
hwjwuwpulormpnit® hwoytp H wmnnfbbph unwghniup phyp (M) thnpm
hwnhljutph dwljtplnypht:

®nipm hunhljh dwljkplnyphtt H wnndbbpp pgwupdmb bh: Bpp npuitip pujaygnud ki
hpwp’ thnjuwgqnnud ki, wpwguigikyn] Hz -h Unkynyytikp, npniip wjinthbnb
ptunppynud i Uwnnpl pEpdud Bu plibwuplynn pym Ypubknpljulub dnpkijhkp,
nnunbip mupplpynud u nhwjghugh mnhny, uwjugt nuiku nkwyghwgh wpugnippub
dhltinyt hwuwnunnivukp. &, &4, b &, wnunppghwyh, nkunppghuyh b phun Eynyyup
ntwlghuyh hunfwp:

Ka=1.4x107° cm’s™

kg=1.9%10"s™

kr=5.1x10%s™
Unnly A

Cunmukp, np Hz -h wnwgwguwb nkwlghwt tplpnpn upgh b @non hunnpljutiphg
H- wnnuubkph ynldwh nkwlghugh wpugnipinib kAN t:

c) Spbkp N-h hnhnjudwb hwiwn rkwlghuyh wpugnipjub putwdlbp' bkpuntng

wnunppghwl, niunppghut b pkwljghwi: Cunmbbiny] winwghnbiup Jh&wlh
wujdwubikpp* npnotp N-h wpdtipp:
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415t INTERNATIONAL ,
" VCHEMISTRY OLYMPIAD Uunku:
UK JULY 18-27, 2009
NrUTLNNE 4N ARM-S1

N=

d) Zwnltp Hz —h unwuguwi wmpugmpnip thngn hunnhljnkph Ypu wyu Unghjh
hwdwp

Unpk) B

B uUnnkjp thnpdmud k JEpimsh] wyt hwjwbwlwbnipinibp, np thnpnt hwnpljutpp
Ypnud kb 0, 1 §uwd 2 H-h wnndubp: Gpbp Yh&wlukpt hpwp hbkn Yuupws b
hiwnljuy rhwlghnt ujubdwny: Supwnpynud £, np vhwdwdwinal jupnn k juyy

ny wyky, pwb opwstih 2 unnnd:

0K __2

Yhubwnhljuwljwb hwjwuwpmdubpnud §nughivnpughwbkph nbpp jowunnud Ba X, X4
b Xz -p, npnup thnpmt hunnhljukph pwdhbibbph B b ppwbp wnunppl) B
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41st INTERNATIONAL .
(@W CHEMISTRY OLYMPIAD uuibu:

UK JULY 18-27, 2009
NnruvtLNP 4Nl ARM-S1

hudwyjwunwupwbwpwp 0, 1 jwd 2 H-p wwnn o @ M Jh&wlh hwdwp X, pudum]
Lptp htwpwynp ypnghubitph wpugmpmbbkph B

Ununppghw (M — m + 1): wmpugmpjniip= K[H]xm
TYeunppghw (M — m — 1) wpugnipnihip = KgMxm,
fhkwljghw (M — m - 2): wpuqmpinibip = Y2 ke m(m-=1)xn

e) Qnbp dxp/dt hwjwuwpnudp * Xp, X1 b X2 wpugmpymbbbtph hothnjumpjub
hundwp
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41st INTERNATIONAL .
. VCHEMISTRY OLYMPIAD ULARL:
UK JULY 18-27, 2009

NrUTLNE U} ARM-S1

f) Cunmub)ny Yywghuwnwghnbwp yhdwlh yywjdwhbikpp b oquiwgnpsting
Jtplh Ywnh hwjwuwpnudp® uinwgkp x2/x4 b X1/xe hwpwpkpmpyniaikpp b hwoyytp

npuilip.

g) Zupykp Xo, X1 L X2 pmdhtiukph unwghniwp wpdbphbpp:

Ept nnup skp Jupnn npnot) hwpwpkpmpniutikpp (f) YEnnd, oquungnpstp
X2/x1 = @ b x4/xp = b b mJbip yunnwupuwmip hwbpwhwoguljub dtiny
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