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Physical constants n"%{1'0' n'wiIap

Name Symbol Value

Avogadro constant N, 6.0221 x 10% mol™

Boltzmann constant ke 1.3807 x 102 y K™

Gas constant R 8.3145 J K™ mol™

Faraday constant F 96485 C mol™

Speed of light c 29979 x 10° ms™

Planck constant h 6.6261 x 107 Js

Standard pressure p° 10° Pa

Atmospheric pressure Patm 1.01325 x 10° Pa

Zero of the Celsius scale 273.15K

:;aengalllrd acceleration of g 9.807 m s

Bohr magneton Us 9.274015 x 107y T
Helpful formulae NI'YM'y NIXnon
Volume of a cube v=P
Volume of a sphere V= %11:1‘3
Gravitational potential energy E = mgh
Ideal Gas Equation pV=nRT

Arrhenius equation

Spin only formula

k=Aexp(-Ea/RT)

Heff = 1/ n(n + 2) Bohr magnetons
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Periodic table with relative atomic masses

nI'on’ NI'NIVX NION DY NMITAN n710

1 18
1 2
H He
1.008| 2 13 14 15 16 17 |40m
3 | 4 s | 6|7 |89 ]10
Li | Be B|C|N/|[O]|F |Ne
6.94 | 9.0 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

2200|2431 3 4 s 6 7 B 9 10 11 12 | 2698 28.08]3057]32.06 3545 | 30.95
19 | 20 | 21 | 22| 23| 24 25 | 26 | 27 | 28| 20| 30 | 31 | 32| 33 | 34 | 35 | 36
K|Ca|S8Sc|Ti|V |Cr(Mn|Fe|Co|Ni|Cu|lZn|Ga|Ge|As| Se|Br|Kr
39.102) 40.08 | 44.06 | 47.90 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.71 | 63.55 | 85.37 | 69.72 | 72.50 | 74.92 | 78.98 |70.004] 83.80
37 {38 | 30 | 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
85.47 | 87.62 | BB.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
s5 | 56| 57| 72| 73| 74| 75| 76|77 | 78| 79| 80| 81) 82 83| 84]85] 85
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 | 180.2 | 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 1504 | 15185 | 157.25 | 15893 | 162.50 | 16493 | 167.26 | 168.93 | 17304 | 17497
90 | 91 |92 |93 |84 |95 |86 |97 |98 |99 |100 |101 [ 102 | 103
*Actinides [Th |Pa| U [Np |Pu |Am |Cm|Bk |Cf [Es |Fm|Md |[No|Lr
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700 ji'xan 10% 1 "o0n n'Ixv

INTAIAX 190N ¥ NdwNn

. . Total
1fa|1b|1c|1d|1e | 1f |1g|{1h | 1i | 1j | 1k >"0

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

1907 NRIN NRIY NI0'Y 3 .NTAIX 190N NYARY NIYNYNA NIAY DIV DNt
(na71n) X 23p nexpoeT ama jinn - A avw

o X 23R PMYPIDITA INYD WA 11N NI MVFED NITINA QTN NN XDD DTN
QPINN DIVN W 12710 ,AN175) 019 NTIUNA DA 1D 2NT YA W ATRN XD W N1ann
.0.408 nm 1'N TN NN 7@ Y7¥N X D XYND L(DND 7D YXNNAL Nl Y N1 DA

7'on NN AU MIOX NNd QWNI1 AT KD IR QY (a)

Unit cell: INDD DTN

Number of Au atoms in the unit cell:

INDD DTN AU 'RIVX 190N
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XN DTN YW nonnl NoIn NX awn .1.93x10° kg m™ nrn Au v niooxn (b)

Jnpn

Volume: N9,

Mass: non

N'NIOND NONA D |IN) DX ,NTAIAN 190N NINI ANT DIUN 7W "ONN NN AWn Nyd (c)

.196.97 N0 Au 9w non'n
Mass of Au atom:
:Au Diux non
Avogadro constant: INTAAX 90N

(Rutherford, 1911) n.aropxi a>'wT 3 inn - B avtw

- 2°Ra Yw naropxirmin nd'wTa nTo

226Rg — L 222Rp 38284 218py 310M_ 214p, 268m_ p4g; 198m

214pg 184313 210pp, 23Y_ 210g; 50139, 210p, 13849, 206y

.y = years, d = days, m = minutes :[n niT'n'n ,0''N N'YNN AT DD DYDY DONTH
JNYAN N2NA R ' XN T e Lt -2 N7 NInionn ,NMWNIN NDWT?

46 nn 5 Tny



awiL 9 auil of

Luml €91 «La° UAT NU THOGL Ug4the!s U- D ATXLI
ICUAN AUIN bgo 777z (cNmL: s Junod | = bg |) geut ucl uiiewe tvauu
(3) ¢nuL ucl dom U UdRT Uiy My LGCUE D TULILUL (£, 00Xl (Uone|ijuos)

UNLIQIG LINAI TOLLU (UgTL BY) MLN LG LUKT AUL
(8) Lituu vucyL zg| weeLa (Bw) my ey, uduu ifuLe tuml gp w0 Juu N

Adge; € 9ds;

OdOlZ !8013

190,z € Ads

Adgi; € 0dy,;

Odyz <18y,

18,1 € Ady;

qdnz odBLZ

Odgiz ¢ Uz

Utz ¢ Blgzz

Aedap-d Aedap-0

(P) TaTU vTNL' TUU NJU UUALIOGILUKIU Ul LACIU D INAU Ul LACIE g

LTRUTA/H <S-YSI :3a0J IN3aNts

6002 ‘22-81 A10r N
MO UULU.L: :JINVYN LN3IANLs QVvIdNATI0 AYLSINIHO ~w}
IVNOILLYNYILNI ISP



41st INTERNATIONAL
CHEMISTRY OLYMPIAD STUDENT NAME: T'YNn oV

- UK JULY 18-27, 2009
STUDENT CODE: ISR-S2 TN TR

101325 Pa -2 Immw ,He %w 10.4 mm® a0 nnatnw xym o 163 9102 (9)
NN D'NNINN NTAAX 90N NN awn 273 K -

X' DION TMoNNLPS0 NTTMW 2Ra Yw nron noioirxn nonnw M3 ox (h)
aeny ,(6.022 x 102 mol™) ,nTaax 1900 2w NNson 1wa wnnwa ,226.25
nYNN AT A NOWTN ¥R VAR R DNUENR Anam 2%Ra miox Yw qsonn

27 AUNNA .N¥IY a -0 PEYn Imon Nk wn .(0uwa) 2°Ra hw Lt 0vnn
ANUNR 70 X7 N (€) -2 DT DI10ITRY TY NIDWTA
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(Perrin, 1909) n'jp'n ¥ o — C ho'w

NAYONNN TINY T-2Y AUYAND NTAAX 1900 ¢ DNIYRKD NTTAN NIYRApn DRN

,NTOW 1012 .0'NA (suspended) D'onima DU TNITIRZ B'R'R'7N 7¢ TADN ND DNN NDIND

-2 0 9w Y M3 1Ionin 1.206 x 10% kg m™ nioroxi 2.12 x 107 m orrma orpn

YW DWXINNN DNI90NN L7pWn YR Aytan NDWNNE Rt #'oon e nx? .15 °C

D UPYN NNNNN DA YN ITTMIY 19D N9 DTN D'p'p'n

height / 107° m 5 | 35 | 65 | 95
mean number per unit

volume 400 (1.88 | 0.90 | 0.48
N9Y NT'N'7 YXINN 190N

NINW D' YW nonn ;N Y, m ,Nonn DX QWn DT 0N 0N nnana (i)

NONYI DAWNNA TWND DA P'RINN YW ,m* NUROND NONNI ;Mo L?NIT

(oM ¥ No1 NPT 2Py A7YnY? QT NN AWN Db vl buoyancy)

.999 kg m™ o' NIS'OX WNNWN
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m= Mz0 =

,h n21aa N9y N 0NN 90N NIN N WUND
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700 ji'xan 10% 2 90n a'INY

D20 7702 Hy ninxiern

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

0 AT P N NINAY QRN 7Y DN DDA N2 0'WINN DMNIVK Y DN
YU nown 19 Y @ Nyt Hzx ni2ip'am pvy; pnan n'n Mok TN Rpsnn NN
M¥NY YT Hz -0 A21R'72M1 RN QTIY DN DX D22 PARD PRIN AR RN
Y Hz " ninxirnYh 0o o TIn W NN DRT N7Re nnona (desorbs) nnnnwn

AN RN e nown o

NID 7AX RN Y onobwn 19 % H miox 7w aneoh a¥pn viap ,0%Tmn ava
Jo0n) H mivx Y 1voixn (density number) niooxn oon ks = 1.4x107° cm® s™

[H] = 10 cm™ xin 251-an 7702 (N9 NTAY (RN 'NIOK

M90nY VYN 19 72V D*NISON D'NIVN 7¢ B190NYT7 ON'NNY 2N NNT Nxw1a 17 o)
DITIDNA WANEM 779 1T ANR DAY TN DRINA DTN DTNO D'NIVX ¢ NID'OXN
NITNN 2 DNDM NTAN X7 XN WA Y DITNWHI PN 0N ARYIND QYPD DINIYN

[T PTAY? iR IN DNILX 90N (N NN YR W

95 viap AT a¥pY NINY? DI LpAX 'n v 0'nsol H Mok v a¥pn DX awn (a)
.t

9017 0N [IWXY 1TON AXP VIAR DV Xin Nown 190 H miox 7w (desorption) Wnwn
kg =1.9%x107% s7' xin ANwn 29w W A¥pn YR .DNIDON DNIORD

46 ynn 12 Tiny



41st INTERNATIONAL

™ VCHEMISTRY OLYMPIAD STUDENT NAME: TYNn DY
' UK JULY 18-27, 2009
STUDENT CODE: ISR-S2 TN TIR

H 'mox 2 N ,T'nyn 2¥nn 195010 NX 2¥N ,NNw nn'oo 7 p'wninny anina (b)
AN ' Y nown 19 Yy

JNNNwn ™y L Hz nvy'? 0'an 00 0'wa0l 0N WK .Nown 19 2y 0T H - miox
072N X (modeled) nYTinn MRNAY 7T 0QIY 0N PIOYIY 00N DYTINN Y
nonY DUIMIY '9) NMAFAN- NN WNY ,NN90Y , K- -1 Ky, Ko 27 'WIDR DNIX DX

ke =1.4%x10° cm?®s™

kg=1.9%1073 s

ke=5.1%x10% s
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A Y%Tin

H miox Y& nibnn axp 7ax p'n 19 2w .aw aTton M Hz nvx® maniannw o'nan
kNP ain maiann anymod

AX¥N 'NAN NN .N2IANE N a0 79 N Y nwin axp Yy prign aimd (c)
.N 2w > nx yap , ™oy

AT 7T TRR 7aN Ent Hz Y9 nnxirnn 2y nx awn (d)
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B %Y1in

nuiw \H mion 2 ix ,1 ,0 o'xwn parn ppne nnanonn NN nni? nom B YTin
Y 0 0MION UM NI X7Y 0NN NN DAIaND o My DR DRaYnn

AN,

0k 2

INT-12 DRSO

2 1,1 ,0 a¥ynma omvpw pan pprn e (fractions) nron'n DN DN X2 -1 X1 ,Xo
M> TN ANINA DX OvoN' D'F?NY ONUANY NI INAN NI'VYEN NIT2IN] .ANNNND
D'IYORN DD'7NNN NYITY 1Y DAXPN Xm *'ON' 77N 0V M 2N NDWN A 0TI
01
nn'oo  Adsorption (m - m + 1): rate = kg[H]xm
annw  Desorption (m -> m - 1): rate = kymxm
nnan  Reaction (m > m - 2): rate = % kkm(m-1)Xm

X2 -1 X1 ,Xo D"ON'N D'PINN 7w dx,/ dE ,DHwin QxR VMW NIKNYD AND (e)
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0'ON'N T1AY 0"V NNYNYT 77 A¥PN NINIYNY wnnwa TNy axn NN nnna (f)
AD7RN D'ONT NN WL X4/Xp -1 Xa/X4

Ty 2¥N3, X2 -1 X1 ,Xo (fractions) ovon'n p*p'2nn X YW (9)

N X1/Xe=b -1 Xz/x4=a -2 wnnwa ,(f) qwoa o'on'n NX ¥R NNYxn X7 DX]
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Y NRNNKD 2WNNRN NIY7IN'0 X ,NAIANN Q¥R DX 2I'0" [DINA VIR (11 X7 D (i)
YT 93% AN NIkan nvapan R 9.4 x 107 s7' wn nx nann avpn

ANYT? DIRIN D'RNN DX RO 707N D'NIM

Neither
Model | Model model
Statement nyap
A B TNN X
o'y Timan

.H miox nn'oo NIN NN AN YA 2N
The rate determining step is adsorption of H atoms.

Hz ni2pm annw X nnvann Ak vagn Qen
The rate-determining step is desorption of H, molecules.

2y H miox %9 n71im-122n n2nnn Xin DNt DN vaipn Aen
.NOYN 29

The rate determining step is the bimolecular reaction of H
atoms on the surface.

MWUN H -0 DIOX IS0 XIN NIVANN NN V1IN 27w0
The rate determining step is adsorption of the second H atom.

0'NI9SON D'MILKRN 19017 WP 72 YNINNY? 710 NAIANAY ANINN
(2 '9 nIN9Y%) n'niynun ANt n'ram

The implicit assumption that reaction can take place
regardless of the number of atoms adsorbed leads to
substantial error (at least a factor of two).

NNAYY? NI 2 -7 2R'an Y 0INIDOoN DBIVXN 190N NYaaN
.(2 ' nINSY) n'miynwn

Limiting the number of atoms adsorbed on the patrticle to 2
leads to substantial error (at least a factor of two).
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2900 jI'xnn 9% 3 290n a'INY
(Protein Folding) na'n Yv 'no'p

3a | 3b| 3c|3d | 3e | 3f | 3g | 3h | Total
25(35( 1|6 2|4 )| 2| 2| 23

-2 01 01V 0N YA (unfolding reaction) M19'pn NNMS NAN NN a¥"Y N1
i |
2NaN pwnn e T

YoM <~———Y%01 X? Folded =—— Unfolded

MNWN AT 2Un Y yaE 7@ 1Y TAR A% IWNNNRN 7190 NAINY Y '7m
NI27INNAN YN MY NI0ION0Y NN Ty JN'HDN NMIVIONV ;NILIONVA NITND
QU991 01 NI9IEn PN

@AM nnat % 356 nm w ] I o™ Mo nnyy
nINN MIIdNLA NI AT 1.0 pM 1> Chymotrypsin Inhibitor 2 (Cl2)

:66 °C -7 58 jav
Temp /°C 58 60 62 64 66
Fluorescence
intensity 27 30 34 37 40
(arbitrary units)

pa7nn nivEIm 7 N wwn 1.0 pM TDMa DA Y AIoNINIZON a0 nnviy
1.0 pM DM ANAIT Y AYI0TIXI?ON Nnxw 356 nm -2 iR 21 X0 Nivom
QR 43 K DYoim [N IANA N'ap'tn 1 0 wN
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X, YTION NIX AWN LITINY N'ON* XKD [1N1X Y910 A*¥I0NINIZON MYy nnina (a)

.NILIONL 22 NNPN NN KN NNRYNN Y

Temp /°C

58

60

62

64

66

K 7% 1D nx oY 2wnt . x Y ormina K L7pwnn iy viap iy o am) (b)

JNIvISnLAN NNX ‘M

Temp /°C

58

60

62

64

66
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