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Physical constants

Name Symbol Value
Avogadro constant FPCEWT UL Na 6.0221 x 10% mol™
Boltzmann constat Olajilgs s ke 1.3807 x 102 J K™
Gas constant t Jadl ladt il 8.3145 J K™ mol™
Faraday constant il s F 96485 C mol™
Speed of light s poall 4oy c 2.9979x 10®° ms™
Planck constant i s h 6.6261 x 107 J s
Standard pressure il izl p° 10° Pa
Atmospheric pressure sl iuzll Dam 1.01325 x 10° Pa
Zero of the Celsius scale $oaladt il 273.15K
Standard acceleration of frZi fJa\}l‘ il il g 9.807 m s-2
Bohr magneton o8 puhlial Gl Us 9.274015 x 10°#y T

Helpful formulae

Volume of a cube

Volume of a sphere

Gravitational potential energy

Ideal Gas Equation
Arrhenius equation

Spin only formula

v="Pp

-2 3
V=3rr
E =mgh
pV=nRT

k=Aexp(-E./RT)

xSl FXEN

) JS“ p>

Agiladl a2l
Sl it Uskae

o st )l Ables

Heff = ,/n(n + 2) Bohr magnetons Jil Jue e
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Periodic table with relative atomic masses
1 18
1 2
H He
1.008) 2 13 14 15 16 17 | 4003
3| 4 5 | 6 7 |8 |9 |10
Li | Be Bl[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
20|23 3 4 5 6 7 8 9 10 11 12 | 26.98] 28.09| 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{CulZn|Ga|Ge|As| Se|Br |Kr
39.102]| 40.08 | 44.96 | 47.90 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 56.71 | 63.55 | 65.37 | 69.72 | 72.59 | 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 [IND|Mo| Tc|Ru|{Rh|Pd|Ag|{Cd|In | Sn|[Sb|Te| | | Xe
85.47 | 87.62 | 88.91 | 91.22 | 92.91 | 95.94 101.07]102.911 106.4 |107.87|112.40|114.82]118.69|121.75]127.60(126.90]131.30
55 | 56| 67| 72| 73| 74| 75| 76 | 77 | 78| 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs|Ba|lLa*|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|200.56|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
14012 | 14091 | 144.24 1504 | 15196 | 157.25 | 158.93 | 16250 | 164.93 | 167.26 | 168.93 | 17304 | 17497
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
2201 28.03
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Problem 1 (1) pd Ulsa

10% of the total

Estimating the Avogadro constant

93 g8 il Giluas g (s

fa|1b|1c |1d | 1e | 1f | 1g | 1th | 1i | 1j | 1k

Total

4 | 4| 4| 2 1 2 3|16 |4 ]3]3

36

i | L PRV ILA LA PR PPRPRT P LIV JUF WP F- JE2 PN U X EEC I I
(Rusa 4 1) X us! Andl Gl padt g il (pa cibaglea - A &y il

e Jymandl a3 X oaSl Al LSl IS e, B sl a3 A0 Bas gl Jia3 Adall Baa
G dagl) JS (880 22 g Cun) AU a5l i San 5 B anSad (5 S jall da gl S 5
0.408 nm Jie; 4020 5aa g (e 2ad g cuila () aa g (4 g JS Chaaliio 435535 canlall

Baal gl 4080 Ban g Ly siad W AU a3 il )3 s Caual g Al Baa 5 aus (|

Unit cell: 4153 8aay

Number of Au atoms in the unit cell: 4a saay (& cadll i i e
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B L 38 1 Jya3 iy Legals 0 il (338 (1 g By Lagel e 1l Jpanll i (3

a-decay B-decay

26Ra — 2R

222Rn 3 218Po

218P0 3 214Pb

214Pb 3 214Bi

Z“Bi 3 214P°

214P° ; 210Pb

210Pb 3 ZIOBi

21OBi 3 210P°

210P0 3 206Pb

YV sl 3an | 053 40 5aad Ledaia  Lgiidii o3 25Ra (he ol yaile 192 o (5503 Aie (o
C ot Al N deas ) g;.')“ (Ra c\-\fﬁu\.v) U] ot

27.7 GBq L&f 25 s Aiall e L (3318 JSE ASH Janall ilay elalall (yany o6 (
o Wl B8y a0 aal | 051 163 8] Aall Laia 23 Wae3g (1 Bg = 1 count 57" Cua)
. sl
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Liin il o He psdigd) 0 10.4 mm? e (5585 Al Of 329 2 22163 eleil 20 ()
. Silastaall 038 (e g poka sl Cll Caaal | 273 K 30 5a 4 435 101325 Pa

dad pad%l ¢ 226,25 (b ALY ke JYA (o Lguld o5 Al 26Rg pudaill AL cailS 1Y) (c
il ¢ ppy, Adlial! diwll 3 26Rg <l )3 aae Giluad (6.022 x 102 mol™!) s_ta il s
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NRa = A=
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(1909« Crum ) @Bl jLiss) -C 4 kil

Cind Y LAY Al 0 ddaud 5y il 5 ol il Gl g ol 3 G Aapaall 3kl aal
Ay 2,12 x 107 m ki L Gl ¢ 4y jailloda B eladl 8 A5 jm0 g Araaie (3ilEd dila
OV IS € g W plasdl 3y | 15 °C die Lsal 4l b (3lae (555 1,206 x 10° kg m™

45V B A Lgalisa (e ST e gl Canid 5l o gas Baa y (S (BN A sadl ff Jaa )

height / 10° m
Sa*10 Js gusy!
mean number per
unit volume
fing b dsaal sl 400|188 |0.90 | 0.48
PJ.)&“

, Mizo e Ja (53 elall A€ gy (AN QNS Canaal ¢ JSEN 459 S 33LEAN ol wal il e (b
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m= Muz0 =
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05 N A g lial off (Say Ailide Clelis §) 8 psaall Ban g B 8 220 ¢ Gl BV A B
Boltzmann distribution gle 3354 JLasy!

E,,—E,,n]

= exp[" RT

L
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Problem 2 (2) ady Ulsa 10% of the total
Interstellar production of H, sb&aill & G s sl Ul

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

2124 | 2|6 6 3|12 |6 33

LB |, ey Jaanal g haa 55 25 0l 2 (e Aoalill B8N (ld eliaill (45 )3 Camand 13
Dbt @8 | jladl B8 e o jfaall Gua g sl 5 5 (paad) Jo Ul Jaid G g yuedl Dl
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Sl (m — m + 1): rate = ka[H]xn
Sl (m — m - 1): rate = kgmxp,
delidl (m — m - 2): rate = Y2 kem(m—-1)xp

X2 3 X1 ¢ Xo AUl .S 3l O S dx /dt oaadll Jasad Y olra dauSIb:x_f\S_! (.A
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Problem 3 3 ab, Aliwa 9 % of the total
Protein Folding Oyl
3a(3b |3 |3d| 3e | 3f | 3g | 3h | Total

2535 | 1 6 2 4 2 2 23

s sk

da i Hud o) Y s t.b_,.n.SA;‘JS#QQA;Q@EJJﬂng:uSO‘&\)ﬂéBS@
iy sl i Ui 5 515 3l o3 iy Ty SV 33 a3 55 T
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Ssha

e et lghual

1.0) (1.0 pM) NM 356 laies oo 30 J gl D (Cuiuu ) glill) ¢ gualh 5 L5} 43S
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66° C 58 (e (5301 51 jall &l (3l Cuuad

Temp /°C si,allds » 58 60 62 64 66
Fluorescence

intensity (arbitrary

UNits) (<2 y) ¢ guall 23S 27 30 34 37 40
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Bysha it il i a e L (0585 3 (1.0 uM) Lisadl Ly nm 356 i 5aa s 21

3&;}43 Q‘J@FSJL&!"JGM

Page 17 /42



MRy 41st INTERNATIONAL o
CHEMISTRY OLYMPIAD -

Y UK JULY 18-27, 2009
KWT-S3 : il 5

X ¢ oSl Gananle 0 38 55 ae B3k cadlily ¢ 5 S (pe e guiall S o pal 81 e (
CBoloa A 0 JS die 5k il Ay ghae il il jadl

Temp /°C 58 60 62 64 66

j_)\_);i;_)bds.\hk:\.aﬁo?uuh-:uxa.}a‘,hqtkcQ\}'\J‘qm\)gﬁ&,\ﬁ\(g

Temp /°C 58 60 62 64 66
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AH® = AS° =

daiaia jﬂ‘ﬁﬂ\?‘&u\@:gﬁﬁ.ﬁcAS°_gAH° a8 L._:Lau_‘;f_);\soﬁa.\ﬁ}
Vel el 3ad 8 oy gedll 400

AH® = 130 kJ mol™ AS° =250 J K™ mol™!
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