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o d .
A1AIN (physical constants)

A1l ansol @
Avogadro constant Na 6.0221 x 10> mol™
Boltzmann constant ks 1.3807 x 10 J K
Gas constant R 8.3145 JK  mol”
Faraday constant F 96485 C mol
AMUTIVOIURY c 2.9979x10° ms
Planck constant 6.6261 x 10 J's
ANAUNINTTIU r 10° Pa
(Standard pressure)
AMUAULTIEINA Pa 1.01325x 10° Pa
(Atmospheric pressure)
gudasmnisaiioa 27315 K
Standard acceleration of free fall g 9.807 ms"
Bohr magneton He 9.274015 x 10 JT
ddNT
3uasvasgnunan v="r
SN ATTBINTINAN 4 4

V=—-7r

3

WRINUAN DN 29 E = mgh
(gravitational potential energy)
ideal gas equation pV =nRT
Arrhenius equation k=A exp(-E, /! RT)
Spin only formula K= Jra(rz—+2_) Bohr magnetons
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Periodic table with relative atomic masses

1 18
1 2

H He
1.008| 2 13 14 15 18 17 [ 4.003
3 4 5 6 7 8 8 | 10
Li | Be B|C|[NJ|jO]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 |Cl|Ar

22991 24.31| 3 4 5 6 7 8 ] 10 1 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| 38
K|Ca|Sc|Ti|V |Cr|Mn|Fel|lCo|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 | 69.72 | 72.59 | 74.92 | 78.96 |79.504] 83 80
37 | 38| 30| 40| 41| 42| 43| 44| 45 [ 16 | 47 | 48 | 490 | 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 | 28.91 | 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
65 | 56 | 67 | 72| 73 | 74 | 75| 76 | 77 | 78| 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs|BalLa*|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] 188.2 | 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 | 140.91 | 144.24 1504 | 15186 | 157.25 [ 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
90 | o1 {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

.01 238.03
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€Y o &
Iﬁlnﬂ?’aﬂ 1 10% VDIASULNUTIINNA

' d
n1sUszanmatasnalanilas (Avogadro constant)

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

4 | 4 | 4| 2 1 2 13161413 3 36

' d ° - ad d a ad

lunrsmidinaf Avogadro snunsnvinldnannds luntasfionTon 3 5%
Qs g A‘
aanalui

[ & [ & ¢ . a o ]
A8 A - 1INVBYANITALNURTIRE NG X-ray diffraction (IBasinTua)
o [3 N | ] da d o :‘ o [ - .
pRaiad (unit cell) ilumbefanngafian g Aululassasrondn andagans
: Qo (=3 [] -3 - | v o
\Reauuvasisiand wud giaasvasninnasiilassarioiiu face-centred cubic
“ A’ [ G‘ v )
(ulassairoft gaguinarsvesudazazasurvagfiyuuaznaeninuesgnuian) udss
+*~ a ¢ o
dupasgiiaisas Ganuann 0.408 nm

= o -3 A o
a)  asdpfiaad us furmdwanerasusamas (Au) lunilsgfiarad
—p— Q) ——— u

P=9 [3
HEDGICEER
L] LY]

° d o
UINBTABUVDIN 8\1‘11&“%0 gu@ LOR a:
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» 4 -3 [ L
b) ANMURUILUUDES Au =193 x 10 kg m ﬂ'lu'amll?u'lmua:mamaoguﬂ
'3 e
L‘magnmﬁnu

USunes:

NIR:

] o d
c) mnifu AUINUIRTDINGS 1 D2ADY LASAAIN Avogadro lagfuInozaauved
Au = 196.97

UINVBINDY 1 BZADY:

v d
fA1M3IN Avogadro:
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A5 B - w3 nnisaangaivasd@rsnuaiwaied (Ine Rutherford, T 1911)

o o o o 226 @ o &
msnuuumoﬁ Ra &fen m@m'hJu

226R4 t 222R 3.825d 218p, 3.10m 214pp, 26.8m 214p; 199m

214P0 164.3 ES 210Pb 223 Z 21°Bi 5013d 210Po 1384 d zospb
o vaa , d aa . . A o %
vy lifedaisdia (half-life) iwiwRey =T, d=u. m=wi Tesns

o & a4 4 o [ A a ’ 4d aa ] Q & 4
FR1UMNITUNAWI (first decay) edw ¢ TIUMANNTIAUIUNIINITRRIYAIDVUDY 9)
4n

[ ' v 4 o ' d v <
d lummdwman ldviesasmuomnun (x) weszyimsisougdludeladu

msameauean (a-decay) ursdslaidunisannoarion (B-decay)

o-decay B-decay

226Ra ) 222 Rn

222Rn ) 218Po
ZIBPO ; 214Pb

214Pb 3 214Bi

g, 214pg
24pg____, 210pp
20pp____, 210g;
20gi____, 210pg

210Po 3 206Pb

Page 6/ 44



41st INTERNATIONAL _
VGHEMISTRY OLYMPIAD NAME:
UK JULY 18-27, 2009

STUDENT CODE: THA-S1

v a

o ' P v 226 a o &£ E v
g1Ieatinitidsznaume “Ra win 192 mg il lwuSanSuasaanisly 40

9

Qv ] [{ G J L A Qr . Gt A IJ
W szyhlelalmiladludausnluaunsuil @nidu Ra) Adslifssdunaed

(steady state)

Qs Qur Qo . J L2 o o Q
AT TIVVINITFAYAILARNIINFITABEIIN m'lmmnmuﬂam’nu
P I ¢ e o -1 &, a
(scintillation) A NINY 27 GBq (14D 1 Bq=1counts ) Aniurinmsteawiin
a & o . o da &
g1Ialatattuian 163 W mmmmmumgmﬂuaaw'mmﬂ'uu

9)

[ ' o ’ o ¢ da o P § 3 o d
“ﬂ\?%’]ﬂl'Jﬂ’]N'Tu\lﬂ 163 U WUNFINDLNVTLRBULNADY 10.4 mm Iﬂﬂ?ﬂ‘n
bl o ] o &

aAuan 101,325 Pa Ilas 273 K ATUIUNIAIAIN Avogadro 'ﬂ]qn'l‘l‘ﬂﬂau
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° v ar o 226 A o v
h) fwuald waslalalndfuindves “Ra deialdanuuasidninsiued (mass
' [ A v d 23 -1
spectrometry) didvinny 226.25  1#l3easf Avogadro (6.022 x 10 moi™)
d . o 226 a " e w ' d e o«
INas MM IwINYEY ““Ra luani@radnaTudn (ng,), Aasndasuiiesns
ar 4 aa 226 ' = “ o a
gapad (A), uasA1eS9%ia (f) 189 Ra (lumiw ¥)  dniSpuersismans
% a 4:' v ] & [] Qe
ganoasuisaunlalololndluds (e) iiuu lasldsiwnisaarvdvaslalalng

&
uu
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98 C - M1 INNIsNILLVDS awn1a (la Perrin, 1 1909)

d a o o v o
wikoluiTusn 9imiasn Avogadro ldgndas rirlalasmsfinmmsnszaodalu
n. > [ J 1 o A’
UUIA9 n'mlmm‘[ﬁunwmmagmﬂﬂaaaaﬂéﬁmmnuaauag‘lum lun1snanasit
U —7 ] 3 -3 [}
aunniisai 2.12 x 107 m uRzAIWAWILLL 1.206 X 10° kg m wrauasyagilu
da ¥ d a o a E¥ve d v v ° d
waaanihngunnd 15 °C wmmnmm‘hma‘lmmgawqa fwameumaiaiy
[] d ] A ) Q [ V- K] ) J
deniaminFinamanugedn g Tanniunaeaiidealyil

AT/ 107 m 5 | 3 | 65 | 95

Aadsimndanitaniioyiunas 400 | 1.88 | 0.90 | 0.48

o0 [ o by A
) auy@heumeadunsanay fwanmaarasauma (m), avenihfieymaly
o Y d Y R K% DR S S
wnufl (m,, o) uaswaazaseumaluiiildeumeansadald (m*) wiesnily
2

o a o 4 o by o v
“udﬁﬂ aﬁU']Un’ﬁWE!\‘lﬂuluﬂﬂu'ﬁnﬂﬂ'\'ﬂlﬂuﬂlﬁuqﬂwa\“i'] Iﬂﬂn'\“uﬂ‘l'ﬂ
] g ¢ Qe =3
AMURUILUKYDIUNLTIINY 999 kg m
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A ] 3 A ] A s ] o v
YIKSJG‘)E! mmumaam&mﬂmammmuﬂ‘%mmmmummgamoGJ E]Til'm&lilx‘l‘l@l
ANNFNMIVRININTZR V0 lUAGEULL (Boltzmann distribution):

nh Eh _Eho
—=exXp|—————
n, RT
0
d =] o ' A ] A
We n, fo  dwmeymadanimibinFanasnanugs o
s 1 o ; | v a
n, fa hmapmadanimibisdinasnanuged1eds h
0
Q Q' ] ] A A
E, fa wawnudndliudasdaluaseseuna fianags h lasfisuiy

d e
aymANiunaan
' d o -1 -1
R @a eniNvasuns, 8.3145J K mol

nIsEWIW In(n, / n,, ) DU (h = ho) uaAIAsFUI9EN lasaugadradaviiy
[}

5 um INAURRDA

0 20 40 60 80 100

-0.5

B
—2.0 \\
| N

-2.5

In(np / Nh)
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o o
) 4EINUIIDIFNNTTIUMITMIANUTY (slope) TaInTIw

v d o vd o ' o
k) 1'mun'1ma:‘1'fagaﬂunt‘%uum‘lmwammmmmﬂ Avogadro
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AN &
T’ilYlEl‘iliJ‘n 2 10% VDIAZLWUNIHNNA

nmsuanlalasanserndnena9a1 (interstellar production of H,)

2a [ 2b | 2c [ 2d | 2e | 2f | 2g | 2h | 2i | Total
2 | 2| 4 2 6 6 3 1216 33

» Q@ & d ‘ o Qu v va [
mazaey 2 szasuruiuluitanszninaran lusnandadmeinlaindonu
Ly v & od, aaa o v
gunnuazuanmstwnai  Hipsezasylalanauiuunrujideduly
:‘ 7= s [ " 0 s
Tuianalalasion (H,) Maliosuuinvasaymeadu (dust particles)  aumardugandu
Qs " a a & d a & '
(absorb) WaINMEMAWRsuInIauazluanalalanauiiiadulningasenly
[l < cv & a ° (4 . .
(desorb) aevvaair  landdatiillumsarissauuuusinasaaunanmaad (kinetic
model) 2 wuuwaInsriadavasluanalalasiauuuiinvesaymeadu

° t4 o a g v
luuUUQ'\aa\‘]ﬂ\‘l 2 Wy a:ﬂau‘la‘[ﬂilaugn@@‘ﬂuuuﬂqmada%n']ﬂqu@"lﬂ
' P a -5 3 d & ' ' o
ANINBDATILIY ka =14%x10 cm s ‘HGI@UYI'JVL‘]J AN IUAUTILUURITUIUDEH DA

Q [ A 1 J A 1] “3
lalasiou (miadmnezasudanitamiruiines) Tuiltanszninemasmn, [H) = 10 cm

) J Qo o A Qe o )
[RUNBIRG: dollit Bnidsuensazldimanacaaungaduuuin uss anumiy
Fmvpasazaanuia ludnsusieanunsidanudutulugunisoasisy il
Qo - y-v-3 -] 1] [ A
sariesfidenfimbodu Suvezaaunieluianadeniionm Fearain

) :‘ LA | [
wmﬂnummu‘luqumﬂ]

N o d ar ) o a
a) dwmdaruiinezaeulalasougaduuuenmeadu  siniSouarsauydi

[ a o o
ATIIIUUAININARAA
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o v 1 A Qo Qe Qo d A Q
a:ﬂau"la[mmuﬂqﬂaanmnmmumﬂaﬂam'n%':auﬂwmmatﬁuun‘uém’m
T ¥

aCAUNQATL mﬂanamm‘%'wawummqmaan (rate constant for the desorption
-3
step) k,=19x10 s

-3 o o J [ x I
b) auydi Hifissmsgaduuszmingasaniiaduringi fudme steady-state
number (N) 7838zq0u lalasiauuufinzasaymady 1 suna

araaulalasowadoufluinldunin  uanileazaaunmunuazynu it
Huluanalalosiouusrfmgaaenaniy  uwudnesssunamaas 2 wuufiuwafia
lumsénsfAsenluandranu usupuimasasesfidnsfisaTuia k, k, uss k,
(fi'moﬁé'm%'uﬂﬁﬁ‘%mm'sgmﬁ'u, nywaasen, uasnaiay fismlaanaideg

. ¢ Qe ¢
(bimolecular reaction)) 1NINK AU

k, = 14x10"cm's
k, = 1.9%10° s
k = 51x10's.
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BTTERELEY
auy YA msiAe Hy iDuwljitendudn 2 SasuFrwanlAtoams
mdnezasulalasiauuuaumaduiidnriniy kN

o d o a
c) dpusumyrasdannsiouuaives N Tenaun1sgady, mivansen uas
mitujisen  uazdwamie N lasauy@dnidu steady state conditions

° r a ] ‘. ] A‘
d) mmmaﬂﬂﬁ'»mma@ H, G\am‘LmﬂQummuuumaam
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WUUIADY B

° d a ] d ’
wuudneey B wmmummmﬁ:ﬁ‘mwmauﬂunagmmiuﬁa:ﬂau'la'[mmu
& A - 4 & W G o aan % .
1 0 %58 1 %30 2 azaay ‘nammuamuzauwuﬁnumugﬂuuuﬂgnsmmumo
= z 1 A [] -3 1 Lo [ %3
Iﬂﬂamp\g’mm‘li’namaa‘lm‘i‘la'[mﬁmmum'l 2 aznangnaaduluiandeiu

O<———2

A e . g od da o
X0, Xy UWRE X, A §As (fraction) vasaumeaduneglusnusniazasulalasawin
o G o (! . A’ [~ r-] (")
0, 1 uaz 2 azmaw musau  Fadwmatarsh ldlslusnsmzdonnunvany
L ¥ -] ] A’ 9 Qs d Qs 0
WutulumsinnsdeaunamaaddelUt  dAniuszuuniteg luaoue m Sfadn
’ o o a d « v & a

aumadu x, rfiaasuSavesnszurumsnidulylens 3 nszuaunis fe

NIQATY (m —> m + 1): 8aTUT7 = k[Hx,,

nmmaasen (m —m - 1): 8aTUII = kymx,,

MaMUJRsen (m—m -2 aaTU5I = % k. m(m—- 1)x,,

o d e
e) iinusunsdaTuimesmatAuulas (dx_/ df) 2a98AEIW Xo, X, UAZ X,
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a g . Qs ¥ A
f) qumnﬂu steady-state condition 1%‘1'B'aun'liam‘n§’3‘u'wuulwatﬁvuaum‘s
Qur (] Ld z [ ) ] A’
LEMNAATIRIU X/ Xy URE X,/ Xp WIDUIRIADATIAIULARIY

g) AU steady-state fractions x,, X; URE X,
dinSouliamusonidandwlude @ duaarla Wl x/x, = a uas

v o [od [ <.
X X% =b ua:‘lmmmmmaulugﬂgmatyanum]
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° Qs a ‘' o 9 9 J
h) S IWIMAaTUSINTHER H, sianiaunaduvanuuiaesii

O ;ﬂf . Qs G =& o aa lg‘l * 3
i) ‘luﬂ%quuum‘lumm'sn’mamﬂmmaaﬂgmmu ANNNIINGRBY AN

o a cd o a [ o & q -6 -1
LULINRDIADINILADINNURUEY T:U"Ilagaam’uﬂlﬂu 94x10 s

‘lﬁs:q'h

N [) A’ & G o [ [} A’ -] .
Joanuda ligaansasnuuuuitassmolarnzinaniiniely  lasvin

o y d
wTesnang (v) ludasfinanzay

g
yaaIN

WUUSIRDY
A

UWUUIIRDY
B

Tafiupy
$maslagn

AUNAUAIATII) A msgwﬁ'ua:ﬂau‘laimmu

JURUaaTII) fa n1anmaanmao'[maqa
1alasion

wuinuadaTii fa mahujiseluanaigg
(bimolecular reaction) vadazaaxlalasiauunia

& . [ [

uiruadasiii fo msgmua:wau‘lﬂmmu
o

DEAaUNADY

[~ A 9 o ao =3 J L4 ]
suadgmudinijidmmansaiieduld laoli

& o d o va
Tunu%’]u’)ua:ﬂau‘n@ﬂ‘ﬁu ﬁ'\lﬂlnﬂﬂqﬂlu

A [ v A ]
afalafauapIININ (arhouam\qﬂ 21M)

o & o A Q. J b
n’l‘smnﬂmmwaoa:mauﬂg}muuum&mm!u'lﬂ
-] v a d (]
1w 2 ozaaw m’lmnmmwammmaauatmarm
[] L 4 A (]
(amauaqu@ 21mM)
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Y o &
Tandaan 3 9% VBIALUWWNIHRIA

N3NNI Pa9 156w (protein folding)

3a | 3b | 3¢ | 3d | 3e | 3f | 3g | 3h | Total

251351 1 6 2 4 2 2 23

yfiiseimslaidamuny (unfolding reaction) snsulusauvmaiinaansnidon

'lugﬂ awqa\lﬁ"h folded unfolded

v o =~ &~ aan LY [ -] o J & o .
lasinBouanafelaijisemsmiuaaslysdwiatinluruaswden (single
a o

step) dunisrasaugsiilfounssnugmnni Iaquaaumm T,, ABaMADUNY
d Ad e v a d d o a v
Iumqaé'nmumwmm‘lumuwu (unfolded) URzBNATINRINIUAVUS? (folded)

mwmﬁwaaé’mmmﬂgaawamu%ﬁmwmmﬁu 356 nm VBIETA0LI
Tus@u Chymotrypsin Inhibitor 2 (CI2) (intu 1.0 pM Taiduisiduvesgmnniilugs
58 019 66 °C
guwnll / °C 58 | 60 [ 62 | 64 | 66
AnuTNaIRTY Y UHgRaLIEITUT (unit) 27 | 30 | 34 | 37 | 40

Qo J & wv Qur W Qe
g13620619 1.0 pM Feluanalusdunsmuaiuivlwdygiungasissaud
[] A b [] A 3 v L (v
21 w¥iap (unit) A 356 nm  &1senad1e 1.0 pM Teluanalusiunanua laidunuld
Syquvgealssawd 43 wie
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a)  suydi amududy g ungeasirudiduFasaulasasopuanuidydua
Tuanalusiiundazuuy  fhurmmidadn, x, vasluanafigolydmiiuie
azawnnd

19 U

ey
7 w7

gungil / °C 58 60 62 64 66

=

J A [ ] ] A L]
b) t%ﬂ%ﬂ&lﬂ'\'ﬂtﬂﬂdﬂ’lﬂdﬂﬁﬂd@ﬂ K‘lv.mamlaa X UAE AwIUA K mma:qm‘nnu

L]

qungil / °C 58 60 62 64 66
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] A’ Ved & o A
¢) Uszanmen T, vaslus@iuil (Wlnpidgie 1 °c)

~
n

AH®

InK = =T

+C
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