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Physical Constants, Units, Formulasand Equations

Avogadro's constant Na = 6.0221 x 10 mol ™

Universal gas constant R= 8.3145 J-K mol™

Speed of light c= 29979 x 108 m-s*

Planck's constant h= 6.6261 x 107 J-s

Faraday constant F = 96485 C-mol™

Gravity of Earth g=9.81 m's?

Standard pressure p° = 1 bar = 10° Pa= 750 mmHg
Atmospheric pressure 1 atm = 1.013 x 10° Pa= 760 mmHg
Zero of the Celsius scale 273.15K

1 nanometer (hm) = 10° m
1 Da= 1 atomic mass unit
1 electron volt (V) = 1.6022:10™° J = 96485 J-mol™

Energy of alight quantum with wavelength A E=hc/A
Energy of one mole of photons Em=hcNa/ A
Gibbs energy G=H-TS

o]
Relation between equilibrium constant and K = exp| - AG
standard Gibbs energy RT

Relation between standard Gibbs energy and o o
standard emf AG" = —nFE
Clapeyron equation for phase transitions @ = ﬂ
dr TAV
Integrated Clausius-Clapeyron equation for phase p AH(1 1
transitions involving vapor In=2 = —| =-=—
p R T

AG = AG® + RTIn et
Dependence of Gibbs energy of reaction on A eng

concentration or pressure .
P a=c/ (1 mol/L) for the substancesin

solution, a=p/ (1 bar) for gases

4

Volume of asphere of radius R V= gnR3
Surface area of asphere of radius R S=4nR?
Hydrostatic pressure p = pgh
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Name: Code: IRN

Jfaﬁif\"/a \d[}w

a—i a--fi a-iii b [ Problem 1
4 2 2 2 10 20 7.5%

sg S S gl sl s 2

b S o e T Gl bl e 8 OVAVE-VAFF 008 il T Jae 5 0k sl (8l i piben et

ot BoHg 4 ool G2 og ddes op g esle i end Lty ByH, Srpes Jge

B el 8{12?

YA

Q:—-JJU"JB) A o L;LA ’!JMJ!LgﬂuilJKiQJ‘MJDL;JﬁJ’JJ‘“JjJiJ @b%t)ﬁo;’tj&.““ﬁ.i

Ayt
Substance State (25 °C, 1 bar) Mass Percent Boron | Molar mass
{g/mol)
A Liquid 83.1 65.1
B Solid §8.5 122.2
A= B =
4
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Juﬁ a}:vur_g_';_,bhdby b.,\.:a'___; )bLA M_‘l‘.jaﬂ” Jiabu have JL,:J: i) Lfs__;Ja}J efL;— ;_,AK...,.;J fLJ.;j i]
2 g ;K_;J_f(,;/fas o s s plad o a5 sl jansls el 5 S wal s Mgk s P
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:ngzdsj»_itl.\.gl[)id.fstyx T PN L N SRS I S SO I

Js$dge ;o B—H—B st Jooslded = 8

JsSse 2 655 0 40 BBB glaaiyy sl =t
B

A}

r-B
’

B
JsSp 2 g8 0 50 B -B slak s s =y
Js5,e B e s =x

slgdg T Al s0x sue b Babio wlys 15 @l Jlsbe G cid Yoo L Bale o, styx s

S
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Name: Code: IRN

i 1 8 9 (BaCCIEO) s st 25 0351 5 S 5 st o 5 o5
Al o VY el i e s e ler i LB Shp S el 0 o L 0L
wE A A Je sl il bk S 5 e £ 0O S L ik o e

S slgh IS0 ol gl bl Sy sy s BaCCLO

Structure:
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23 DS S g i b
W e B2C14(g) EERE B—B ... Al_}:i &_&AJ L;:YLDI R oalenidst b ek ‘U

Bond Bond Dissociation Enthalpy (kd/mol)
B-Cl 443

Cl1-Cl 242

Compound AH® (kd/mol)

BCls(g) -403

B2Cla(g) ~489

The 44" IChO — Theoretical Examination. The official English version
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JS o L VIA \Bp

a—i a—ii b-i b-ii ¢ Problem 2 | 7.8%

4 4 6 1 5 20

oA M s spsntc (D ootk OlsS 5
JEJQ,J’?L{‘T&L“JLSUW&‘)'MJL;”ML,;"‘_)“CE“*LSLAJ‘Q‘:‘“S\'°J;Q1A’ﬁb};ﬂ:y‘i
Bis bl pS0S 0l s S8 e s slediSly o8 end el Sl (gl o 4 S 15 aallas 5 4
S gt ool JLaS o

T L T L
\PT/ B e \Pi/ + X
AN ~
L/ X L/ Y
T w8 o X i sy s 007 38 onbe g Y L X 8 i i e 48 00 s piomas
oty A2y 5 T yeh Sliin b WS 51 ST W8 s nps e edal ATl s Sy

Al or Al ey a3 T b e o i s
CN > H > NO;, I » Br", CI" > pyridine, NH3, OH", H;0

o S Gl el s aS s el ,_s)‘v;u.d'{;jjl«;’uﬁ:mipt(NHg.)zCig T S R RS YL RV
S g Sl U KGPECH 281y 310 ool Gy me ciSplatin o 5y,

Ci NH
NH3 Ci 3

pt” —_—
N
NH;

cl o cl
N/ NH, AN N, S
A T L A

cl o | Cl Cl \NH3

' 10
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S ey Pi(py)(NHz)BrCl dye 5 4 ( Dty e C"J‘M-“ oSS Al gl el eled A
{ py=pyridine,CsHsN)

Shad gls ey nl S WL a1y ey D o) o lalyis Jebs gty e Yslas
I SR U PILE.{ PR WLy NOQ-J NH; ;PtCL@‘Yﬁ salizad b LSJ Jadees 3 [Pt{NHﬂ(NOQ}Clz}_

Sk o IS il A

cis-1somer:

Do
Ci\Pt /CE
CI/ \CI
trans-isomer:
P
Cf\Pt /C!
Cl/ \CI

11
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BLEPSEATA g/ P
a b C d-f | d-ii | d-iii | d-iv | e-i e-ii Problem 4
12141 10 4 2 2 4 4 8 60 7.8%

o 0L bl al et (00 KO WL Gl sles 5o o8 Wi (28 Sl LS 5 51 6l anas 19A way 3
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(B) CacF 11,0 3G polie B iy peid ECMT om0, (5= 0.25 1) YBCO ©yes b M €
oS ealinad € %= 1500, pm ;= 500, pm i o in

Density =
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A Sl g JS e LAy
a b-i | b-ii | b-1ii | b-iv | b-v | c¢- | c-ii c-ifi Problem 8
3 4 6 4 2 5 8 2 36 8.3%

s V1 Ol e o (PAH) ¢ Polycyclic Aromatic Hydrocarbons of ail> st oSitay )1 sle S tn
ETLEEE R Y CJ'LU Sttt gLl sdias (SAS L;Lp_—ﬁ 3o eanS L5 dﬁ; She 2gs (gl it sle
i s o Ak Sy o3« Leib Gl e s At cgline Jab o8 AT ks PAH S 5 Wl

Al o 031y DL 5 5o Ol sl o s ekt 5 el ST W05 el gl iy E

032X 3 pn S0 Ol a0 W TU Sl 2S00 Sla b o8 55l ol S il et Sopd ol

el o (delocalized)
y L_'

X

benzene anthracene pentacene

d

)
§
9,
L

o
Yo

P

iy e oy gy g 5 ol T

Fer anthracene, d, =

For pentacene, d, =

Gfkg../'G‘QJL;J‘)«SLSJJLL!)JS‘LSJLNJMO1J3‘JJ‘!)Oknéh&})‘ggﬂswyﬁnoﬂﬁOQLdLgiJJ‘;b
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Name: Code: IRN

ol S 5 1 ins 45 S o g L 303 DL 5 3 ol T 51 5 a3 o g

(Sl S0 0ol L3 8 s 5 VL LS s oh L Ty (50 st sl e ity s LS, (slgad
leS el il ek & da My My eSS Sl da il e S bl s oS 2T
et S 53O s ol et 5 Ml e G Py 5 M b slusl G L M gl

Anthracene:

s )
sy )
s
B G
B GO
B G
)
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N S
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oy o 34 VY e B 5 e LPAR s 5 gy sty gl ALY
A e (5 demis b AE g5 b Gt s pSas ey eids JGSh (5500 510 e 5 2l 5 T slens S
33357 el LSS aleme ol 5 ST S e Bt 30 5T e ot s el 630 5l
ShAls i by e gmlS shael s pstie B8 eslinad S s el 1l s oy HD) 5 G gl ed

S st el 35S e 5 it 6l (3, 2) S eds Ly 305 e sYG 1 (2, 2)

AFE tor benzene:

AF for anthracene:

AE for pentacene:
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o D e ) S e S ey 5L I b B ey s (Al 1T B0 LS s

L Y F SESE G

Least reactive > Most reactive

255> B by 5 Al 3T BIOG lp (s dob a0 e i o 2) s S e i ¥
{aUS i g i a8 doad DL Wl e o opb Jie S T s S0 ol el sl aabs DL

g e 0Ll s ot 02 1 S e e i S

200 400 800

e

200 400 600 800

wh SO s a8 1Sl gdny 3 (55501 o oS Sl 1 S leadl 51, S (Graphene) S e
50 pp e Zale o b b sl il e Sl T sl S s 3l gt L S Ol 0 O T
S el ater  sletalesl (sl Dl g S g o8 il 4 Tl Ul s (i g epbe a2i 8 K
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N ame: www.chemyazd.com

7.0 % of the total

V I

a b c " d e Problem 1 X%
i i | iil
3 2 6 6 |15 1 |25 22 7.0

S Sitend (NO2) 4.8t (o5 0595 3 (NO) demST G 25 "Bkes cdaen (glpn o Jsere sla ok VT WO sladus!

sty Ha UNO YL slabes 55 058 0 A 55 L,sua,jljbléu)‘,;yﬁjdﬁ,.Asjrl{uﬁ shos b 4y (6 huadl Sl
ol gl S 58 S a5 S e a5 (N2O) upuaST 55,25 5 das e

2 NO(g) + Hz(g) —» N2O(g) + H,O(g)

Hz 5 NO (ol cslin adyb 5 staslesn NoO 1sis alyl slge o « 820 °C s 2isTy ol St andllas ol

LS &ﬁf o‘jL,\.ﬂ
adslylis
. " NoOuwl 5 ot &
Jlba torr ZEEr {1W’M
Ao Py torr-s
2
120.0 60.0 8.66x1072
60.0 60.0 2.17%1072
60.0 180.0 6.62x102

S o3l (48 o ) 0oy 5 (AOIT i ) JLA3 (Gladkly 51 eSS osliul Chale 51 Jlgms el Jo- J b 5o
a

.Jclswlaﬁ‘)d,&ﬂ@elj)J{JJTCﬂwJQ‘J‘_}'SbMﬂJ>w

43" |ChO Theoretical Problems, Official English version

Page 23 of 51



http://www.chemyazd.com
https://www.shimipedia.ir

N ame. www.chemyazd.com Code:

820 °C (sl 1> Sy 4 1.00x10% torr Hy 5 2.00x10% torr NO « lal,é 53 dy NO 04 G uas adyl sy b

LS oolézod coilio dls b 2%107 sute §l o 0 ], o ol (eode jltéo ST AiS dunlows (S sdd b gl
L - Lo & Iy Cfpe o o S 4

i U B el p3Y S 1 oy g bylses o0 1,820 °C sl ;5 1.0 torr of Hy 4 8.00x10% torr NO 51 ¢
enlio dly b 2%107 sue I wy L 1, Sty Col (gode Yldés (ST A daloes w31 Al Hlie cias 4 Ho

.(Ma;ﬂi&m/

ol ol célbﬂj_)b Hz_,NO uﬁu,;;SI_, (_glj.: (55\'6“‘:‘:‘:3 MKA&.&I‘ .d

ky
2NO(g) === N,0,(9)
kg

N2O2(0) + Ha(@) ~> N;O(g) + H:0(g)
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N ame: www.chemyazd.com Code:

sl s 4 olgiay gl 5L N2O LS5 s ol cdansl st (51,0 L Sl i 3l oolizad

Sagi (o JidS o el Jlgw @ Jiou )3 2 Sjge 4 85 o dilas 4 G ilas ol Jllyd s i

O Ifkq<< k2Py,
O Ifkq>> koPy,
O Ifki>ke

O Ifky > ks
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N ame: www.chemyazd.com Code:

.Mﬂkz;kJ 4k1 wﬁboﬁwtﬁﬁéaqudkwﬂqﬁ.iii

S D ol S 225 ot s aBslne 5 3y peSn b oS 1 0T a5 83,30 sl S o 51 @

energy —>
energy ——>»
energy —>»

reaction coordinate —>» reaction coordinate —>» reaction coordinate —>»

energy ——>
energy —>
energy —>»

.

reaction coordinate —>» reaction coordinate —>» reaction coordinate —>
a) b) c) d) e) f)
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Code:

7.0 % of the total

Y J) g

Problem 2

X%

23

7.0

.de&j&‘wa)g@k&&}mjl)bjw‘o‘nsh)wj(ﬁjjﬂﬂ cwﬁ\kﬁu@}‘}w&ﬂgiq}&dly}ai
25 g 0l g a3 Sy Gillas O2 Jaw s NHa 518 ol ponm b 05 55 «alesT K o
4 NHa(g) + 3 02(g) — 2 Na(g) + 6 HO())

WLlo o U eslts LSty NH3 (g luie Op 05 14.40 L Gl 5l an 120 208 K s Ll 5 4d5h (slgdl>

AH®(NHs(g)) = -46.11 kJ-mol"!

»&:’waubv\b_l_)jJldﬁ):uv\azc)l:-(sbﬁ)lib .a

and AH°(H.0())) = -285.83 kJ-mol™

HEWYRY

heat given out = kd
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O L,,Td}.l,u)l‘]OOO mL d}d&‘wﬂ oMJ:-é‘Jb‘ J":’.‘.)"J‘ J.pb- %)TJQASNH(; J‘lf)’.kiaomﬁ(ﬁﬂ b
Jsbous iy &4 Joolo dplomn 23,5 L3t H2SO04 ;Y50 0.0100 Uslons 15.0 ML a5 5 4l isbes absions
oy (')\j‘_, &;‘quw‘)ﬁé 10.64 mL (..>.7_>~).>'9 uMﬁNaoH )‘y}o 00200 :)U.;l:.w‘

(Ko(NHa) = 1.8 x10% K4(HSO4) = 1.1 x10%)

S s |y Bl 51 day biises O3 S showe PH L
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Name: www.chemyazd.com COde :

OLES (Jag e (sl Jsbes slp LeaSTy i b bigls 342y Jsoee 4> SO47 5 NH4? Sl O s i SUL s s i
.v\;&sW\M‘)L@Id}w(Gu)CﬁU}))‘K&f}‘pHﬁuﬁJ} O._{‘J)«é&-ﬁ&u\:.&)

eSS Jast s e OIS ra)s 4ty OVl (ST aa 5s Jglowe PH S 5 obe g0 i

[ pH>7.0 [J pH=7.0 UpH<7.0
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7.0% of the total & Jl g

a b c d e f g | Problem5 | x%
i | i
5 3 2 2 6 30 7.0

LU (Seliyaga i i 5l sl g ol Aiols W (63,0 S8 b olge Ol simy ealizd g 93b3 Joilty 5055 Lk S
o3 L gl e ol WS e ML slae S8 4 e oS alediSTy 1L LT e 51 el 50 s s
O‘”ﬂ ‘ﬂ5-| )_,h.l,:a.h 3 Ll ol g H‘\‘\J\Aﬂu WY Jl. B as .\.'.J:L‘ & N5+ 3 N3_ 3 N2 o ambus &.&J‘-;JJ:?;

o ods 35158 50 Ng™ (g4l

ol 5 Gl b Gle xS o) @5 B Cllae il p)b 4w UINST 6l 1y ey Sl ()
-v\:lsv-*uN; aly S50 e IS5 s OLES ) (galayl 3

Ns"

Lewis Structure

The molecular geometry
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N ame: www.chemyazd.com Code:

Lol 5 Shsy nb Glo b S ) 65 S glan il 08 g b sl NET sl 1) ) Sl (i)
S ey § 58 Ne™ sl ) 550 puitin (S s OLES 1 (sl 3

Cyclic N5~

Lewis Structure

The molecular geometry

LI C"L‘ HF)) < HN; w\w‘ t_<¢5_,j‘)u\a.b l.; [N2F+][ASF5] Q:‘:‘SIJ }‘ Sl &) .L.d...u U"J’ J,ob- L.<:v. S [N;][ASFG.] b
s g I L;‘“'S‘J C):’.l le)' o sb"}b.o u‘l"ﬁ"‘t":’ alolea D g (p S -78°C sl

Dy A g )yl g AsFs (S5 it P el L NoF oSl sl [N2F+][ASF5-]
x C(graphite) + AsF;— C,AsFs  (graphite intercalate with x = 10-12)  aus (gl &Y o il S

2 CyAsFs + NoFys — 2 [C,'I[AsFs] + trans-NoF,

trans-NoF, + AsFs — [NoF'][AsFg]
ol Jads Wl 5L CIS-NZF2 G 03 51 (Saliyo s i i 51 45 558 o ags il 5 jezl NoFa s o
Sl posl o ol 45 (g, 5k ol 251 KIIMOL dolan Y (5,50 dw 51 58 i3l CIS-NoFa s 4 trans-NoF,
2y oo it (gl alaSla LB Ol ailin 55U ) e 05y 15 5 s
S Ol g SBFs 5o Jlde g )3 358 (S Bl (ses 13 Jay # sl atrys G35 K s trans-NoFp 3,

B3 o0 JE il 5 = G (Sl alas
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Name: www.chemyazd.com Code:

25 °C .
trans-NoF; =<=== cis-N,F,

;‘,\.‘;]X._v 25 oCJb D)‘.Ul:.w‘ ‘SLQ L}'—'JJ:"] 3 62.03 kJ/mOI 3 6731 J'f‘.)l' %‘)Ja N2F2 S it} U'”';‘.); Jﬁgﬁﬁ b)LaUlZ.w‘ wjl&'.‘vi
il 0 266.50 J-K'-mol” ,262.10 4,
.J-:_JS Q—‘.:": b 25°C BL) ‘;’bl.u" L_,.Uu ‘_{.‘1 9 trans-Nze (SLQ d}g}o 4 CiS'Nze le.b dﬂ}o Mdas Q"."“"; .C

[cis] _

= at25 °C.
[trans]

):&'L;med.z-fw wharng g Sond Ol.&u‘_) N,F, wJ‘)}'JWLgLAJAJﬁ‘JNzF{.Oﬁ wmﬁjdﬁj‘su)k}hﬂ d

S 2l NoF" 5 NP 3 0325 030 o (sl malio O el et ons OLES 1y galal 3 (lasl 5 (Gise
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N ame: www.chemyazd.com Code:

f’”anS'Nze CiS-Nze N2F+

3 ‘A:'.‘J)'U O}J)J?b w\.v_b_,ul.‘&gr &“LwJT K odls ,_,:,.:Slj uT Lv (Sjb_:.&ﬂ ‘)ij_ gfb Sl _,L'\g’t._: ol (_gl.aé 29 [N;][ASFG-]
S o g JsSge O30St 5 055 58
e l) uI 3 [N;][ASFE,-] R uf:&su (5‘)..' ok d}‘y doles £

el pdy elenil ¢ metathesis reaction ¢ filin pulilr [ty b s Ns' sts o b 4 [N5'][SbFg] ks

[Ns'I[SbFg] + [MIIX] — [Ns']IX]+ [M'][SbF¢]
M* = Na’, K', Cs"; X = large anion such as SnFe® and B(CFa)s.

Syt o 33 ol 05 802 45 S .l [KIISBF5T 5 5,f5 T iyt HF s aS clblon [CS'ISFg] 45 o 51
..\JJ; ua)‘ﬁo)&hn‘ LYY DL__}‘;L:;'-"64°CJ'7BOC BLESSYR cJ.gU.‘LA Ml}- UIMS‘J

s [CS+]2[SnF52'] \.-...3.7)2.3 )l aalaul L_r «J_,.Lm BLI [N5+][B(CF3)4-] K] [N5+]2[SnF52-] Angd st.g IS W M}‘y doles
-L:«s d"’“:“ |) wbﬂ d)\?-.w\fw}u b [K+][B(CF3)4~]
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iy o J NG S [NGIISNFS] 0558 4525 26-30 °C s ot J 5 ity b o [NS"BISNFZ] 5
ib . (50 =60 °C) >0 [N5'IISDFE] b amylie JB 55l s oMl 5 Conl ) diow sl G [N5'][SNF 5T (s
SIS 5 5o Sl Sy bslse S ) gt Bls 53 S ol 93 SIFS 0431 45 s o 0L U plowe 11980 NMIR
1> 34 0y Jy o8k sla 03t 5l £ 1B 31 0 galiyn 558 3o ¢ e 0T Ly Gl 693 2 s

S s 1y S5 5 5 SlssT A slaslrle g
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7.0% of the total Tl

a b c d e f | g |Problem6 | x%

5 3 4 2 5 3 1 23 7.0

Ll 3 Gl 3 0d ame Gy Pl 2l o el o Jlnsd 03le S 85 il pihas 31 03lizd L Db gl

S Ol giny Sl s g Lo i S (leAching ) (s pinnd ool 03,5 Jds amilx @l g S S 4 1y " il

o b s 45 CalNH4)28205 ¢ il pon s gl ol sle il 3l o 58 o0 4,8 a3 s 03800 i)

o Sl 03,28 Sldllas il 5 035 oy (At OF (opd Iy ol g3 Bamen b L5l sty 3 S ol 4 81

3 At b Johowe PH il I plos 95051 5 NHg ¢ CUP* « $5057 Juls b (g st (6hyy b s J glomn itly

o 9K S gt Ol gz 03 ¢ 3lgiiey il G il 2l 5 gy OF 3 33T s g0 4 SLisl b i, 8.5
LS (o Joo 5 D) g 0dd JSLI M D)3 e (535 (a8 40 (VOItRIC MicTo-cell ) 1,

Anode:

Au(s) + 2 NHs(aq) — [Au(NHa)]"(aq) + &

[Au(NHs)]"(aq) + 2 S,04%(aq) — [Au(S:0s)2]*(ag) + 2 NHs(aq)

Cathode:

[Cu(NHo)a]*"(aq) + & — [Cu(NHs),]'(aq) + 2 NHs(aq)

[Cu(NHs)2]"(aq) + 3 S:04*(aq) — [Cu(Sz0s)s]"(ag) + 2 NHs(aq)

g 2 2y Jov b gl Jo SIS 281, A
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N ame: www.chemyazd.com Code:

ol Bl ) ok il ge Dolae LS o ST [CU(NHa)a]? o 1, [CU(S203)s]% s gl sy 5 (O2) 0551 b
e g (SUE Jlone )3 Jhals - iilust st

WS (o e 1y M 0US o 5 S o Jao [SHIES &) gy [CUNHQMIP SaS 050 pbitend Ml 3 ol > €
Mbosls 0ud - lp |, (met overall oxidation-reduction reaction) IS ials - ful.sl il sl

338 o 5360 [CUNHg)4J?" oSS 00 doun 55 45 chpug 5
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b Bu\..",.njl J...a.‘;o dl.b Y'J‘ K} e:JS (y.w_) l_) [AU(8203)2]3- K] [AU(NH3)2]+ dl.b u»&l.,ws O_,g_ BL )‘13 l_i;ﬁ”‘t‘i)).ﬁs Al d
s OLES

[Au(NHs),]* [Au(S203)2)*

Coordination geometry

Al 0 1.00%10% 5 1.00%10% 1, sz [AU(S200)2] S[AU(NHg)]" s oSk Kp (JSi5 gla i @
S 0 5 1y Al 15 gy 3 JDolad gle e O 3 48 pdaad Jylow
[S204%] = 0.100 M; [NH3] = 0.100 M; total concentration of gold(l) species = 5.50%x10° M.

S dsles 1y 3,500 3 2 5 Sl pan g5 ShiaS S 44 48 (1) S 05 ey

% of Au(l) in the form of [Au(S;0s)2]*

[CU(3203)3 & g [CU(NH3)4]2+ BHIY 82032' LSl pH>1O s aalssly S o3l w O3Sl clake S, f
ST + [ty oS! ™
ey S5 (34062-) Olssl S O g 0ol Jtals

2 [Cu(NHs)i]*"(aq) + 8 5205 (ag) — 2[Cu(S:0s)a"(aq) + S:Os™(aq) + 8 NHs(aq)

o2 sl gl e Wslse AJ:\M.:_,&,_,,«WL‘.:»UWaw}wﬁj(saosz’)ali)g S5 4 bl (SIS J o s
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Disproportionation bt e

Sl odd 4551 g0 dslae LS o dpuST Ol g 5 DU (55 Lgl.aaﬁqbszoaz' Wkl ol At (O2)03msl e 5, 9

ot gy STy b gl
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8.0 % of the total ¥ I s

a b - — d Problem 3 x%

7 4 2 5 5 23 8.0

:aj...i'dooal.soLiJﬁ}AL{IJLguﬁ}EJJJL__»ABd)'KuJU:dﬂf&JngJJMOK <l s

E=E,+Ew
sl il 5 65,50 Evib 5 4y <l S50 634 Eo ol ys a5
1 h Ik __mamp
L= (v 4= = =— = HAB) = ————
Evio = (v 2)8 v=0,1,2, Ny ma+ Mg

ch)ﬁ}ﬁ)}@g}S’ﬁ'ﬁjﬂj‘dﬁM kJ EQJCM‘JMJ_»‘J,: Vv 45);&;&%1:‘

S agaloes 0K 5o 5 281y sl s kd'mOl s, (AHC T ol s

Hx(9) + D2(g) — 2 HD(g)

s ) o 575.11 N'-m? la‘_)._»b._»k‘Hz JsSIge gl vk ¥ s e b O r.?l ‘__'_J}:Jﬁ‘&.‘z.cD ‘1598
P 0K (les 53 ;K5 oMbl sl 0 2.0141 g'mol™ ,1.0078 5 @D s H ol asispt Vs

€H, =1.1546 Eyp

€p,=0.8167 €yp
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St S0 alona ST i g8 e HD U050 b i3 a6 Ly Cinfrared)pe i s sleisip pols 3 b

1S 03lévl 8.000%107° Jsue jl lwlons 51,y d )i |, Eppy (5340
b Ik Sy &Ly GHp
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iyl o oy 3 alady SHH (31 sl 35,53 (6550 Slame olie €

n=12,... where Ry=13.5984eV, 1eV=1602x10"°J

O 4 i 0350 5L 31 5 I3 pn oS o jo 53,0 il o -31.675 8V Ly aly <o s Hy IS0 5 55,0
45‘5?),@)“.1“,7@:qulejublqlgchﬁHz dﬂf&imdjjl (M‘Om&ﬁdew

Wl g gl Sy el U H‘._?U.s),a

wop Db o SIS M edisle sla (5w 5 005 ol 77.0 nm g dsb b Sl S s Hz U550 S i

1S e 3P 050 2 0 S i ) Kgs 0 JSET Tl pl s &S thrjlgixoi.uif'h:ﬁldudb-
?W‘J&GVHMJ{QM&.&EDSJJMGLA

43" IChO Theoretical Problems, Official English Version 10

Page 41 of 51 —


http://www.chemyazd.com
https://www.shimipedia.ir

Name: www.chemyazd.com

Code:

43" |ChO Theoretical Problems, Official English Version

Page 42 of 51

11



http://www.chemyazd.com
https://www.shimipedia.ir

Name: www.chemyazd.com Code:

tlos @V anm 1) O ot (electron affinity) sl 0,500 65,01 sl 2,650 eV i, Hy™ 0, S5 650,81 d
(U5 00lézl 4.500 €V e jl lewlons (510 ksl L Hy K& ()0l (38 ldde 1) 008

Electron affinity = eV
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42nd International Chemistry Olympiad
o Tokyo, July 19-28, 2010

%owfeéamw:%aéeqwmm

b yad JS %A \ Jlsu

1a{1blic|1d|1e|1f|1g| 1h ]| 1i| Task 1
2421113 ]2([1] 17

M GLEY 5V sl Jgan 534S jab e olsasd ) sba 43025 4365 055 5 pon 4S8 28 1R ) 30 A ARE
,.\&a.\\.\&g..i,_;o‘j,_)l_ﬁ_).\o)g_)l _,,..a;-\._.a,u:cgl\ae,a..l_,._su.:cl_,ssuloj_,_,:g‘.ﬁjla,u:.‘c.-..\o.x.:
K o fai) (1,013 x 10° Pa) iusad) JL28 5 5 5les ana by (b adisd G b Ky 51 odtitd U la S8 sla oy e

b P abed OJs 8 e ) I

208 8 S 3 2.3001g

38,555 229909

el yeal g upalld cy el 3 22087 g
GJJ! B) 2.2985 g

Lo g 33 028 g s allds 2y 3385 o gl gal 2.2987 g
e 2.2990 g

kb s hadil 55 8 o Y d s

(A §b puelau 5 02 Gids 23103 g
(YAY) '&u,;,ai.k..,: 02 2.3100g
(VAR 48 Ol jas daw 55 02 ada 2.3102¢g

ol 2.3102g

oalls (150550 a4l 48 haasd (035585 0fhe pon 59 I 1 Mo bugi ) JS 4V [m'] Csbaaa Q)
S 023 2ladl 15,0 °C sl Lo la (558 o it 4S 1K | o ji S dgaalae Allioa g

3L 03,92 033 Jas (51 30 g5 0590 5 80 4S b it b M) s ieaddl 5 0 1) 080 x e S b)
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%ﬂﬁg&mﬁmwmmw

Cutil yg W pallalie i) Cu 8 38 e WATe B podades gebda e g Jies glhanly s plS g
ik i o 5 Jead zland L A S LR | At ela Sla g gaf e g (slasa Sl g s ) Wl gl G 5SS
PATA ol dad ol e pe LS i aaladla ST D U Y BS a8 ) i il FAMA Spam ) g g3 eamia

A S etallie e [ g [ eat CAliZ WS b ok fan i 2 20 g a S o g il 2 el

J:_J;J#,‘..\J,JJJ_'.IEELL;; LT L

28 Al S a2l aals (A Y RS paS b DI bipaa ekl E[I] 0585550 €©)

e S i gl J el Bed )7 Sl e e LS s e U T e T Tl gl o gl el Y RS

i %]

3p 3d
as
26 ) : i L8
1Bl E i
34 ; L 3.4
= [C] 2p
l:.{-l - b
&
T A2 g L 3.2
w
] . [B] s
1.0 A 3.0
g_(}_ ;SI

S A s FFa gl 5 A S a8 Bl o e ) 0 S fage Y RS

F il Al S sal el la Y BE BaE[E VAL sl e pml I ab DI ik et d)
2 e Tele Adliady 53054058
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i%m§ Chemtstry: the bey to oun fetine

Giadle dalisudy 21 AR K Tl Capy Sy )i S a5 ) 5 Allas LIS [D] B[A)sls 4 K 0 ) @)
BB
Al U > ®*Th+a
[B] UHez » U + 2He
[C] 240U - 240Np + B—
D] 2V +n—>%Y+3%+2n

A3 a8 (malacon YOSV dila A SIS 5 (a8

PR K Tl G e S o am s a5l dllas IS [D] B[AJsR X 3 1)
A3 Giadle adlianly

[A] ArF2 > Ar + F;
[B] ArXe — Ar + Xe

[C] “K = “OAr + e/B* (05 G305 38 1 03 )5 )
[D] 126] - 126Ar+ B—

e 0 (e S a4 il U 0 (e 8 a8 Cui s 5 081 (g el S (5) s pSae gl 3 Sy
G g 58 0 310 (595 nid b . Cand 5/3 (1.67 % 0.01) s 51 S5 J& S (51 32 45, = Cp/ Cp icand s
e B Jpe i M 4T (R yCpagsedsh yadhn 1 of o 248 ) allaa o S Ly, Ga

Aulie Casd 4 oZud g0 p > g (Bllaa

RT
ve=fa=tm

315.0°C sl 5 f=3520 Hz (Hz = s7') Malas bt ¢ Gigem 7 30 Jpb Jpgna S8 45 30d Sy (51
p M e il ad 558 0511 1= 0.116 m Lt !y (1.013 x 10° Pa) (s phusas) jLid o
(Siaab 038 5558 030331 0.850 £ 0.005 kg m™> Ll Bagd pi o3 530

A dudaal 38 0l M [kg mol™'] s p > @)
2 dulaa S 0 ) 1) ppe £ ita€ Cus b
i Gaadle aaliaady 21548 Gt A 8 o D) B [A] WX om ) i)
[A] HCI
[B] HF

[C] Ne
[D] Ar
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?z. $eémou; the ey to own futive
0 g JS % Y g

2a | 2b| 2c | 2d | 2e | Task 2
4 | 4| 41| 3 5 20

gl S o ey il

S Rl il Al 5 B G gl (S A8 () 48l (950 ) Blia 3 Le ges LS ¢ g S 5 s sk 0
ol A gl 500 55 L L s 48 358 (o kg (B30 3y pi ke g0 sk

lei g AanT 383 (o GBS 30939 S0 (inSin Bt 3K (le Ginad g e sle g 3 e Hsh A
ey 35K v gy 3315 e o galiny 43,8 Sael g aaty Jslu 04 ,CI yNa®

Jsb [kg m™] FRs i 0,181 nm 50.102 nm 854 3K s sk 3 CI' yNa* slein Suglad  b)
A dlas |y )i s

Aok I g Slhecy s 4D o

S s i pg y ol Yt s 538 (st 1 45 U8 e S ¢ 351K s e (3 SAdme SIS 5 0
Al (e 03 (2a33 pla-(s ) 45 s O 1 S 4rl 01 sl 0ol (g5 5 3 ASd A T ol b sl

3" 8l Clla (T ar US” 5 Mg A qasp 83 e M NACT sl 1) 8 -4 w30RE ¢
A gis HF 5 A dalje drdag e (ohiasd (sla dllane 2iaa oo L3 ) "aala

Na’ (g) +Cl (g) + ¢

Cla(g)ss5i5: D
2(g Cl (g) walsass &0 : E
h
—y
Na (g) Jis:C
Na (s) 2 : B NaCl (s) <55 : F

NaCl (s) Jsi5:A
by e s juaic )

NaCl (s)
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Chiemistny: the bey to owr futune

~00343 03 by e Jadje T sla 02d 033 S b [kI mol '] w2 15 NaCl 4 S5 sl

s Al )gh
s 2l Sy S PRy
NaCl (s) Na (s) Na (g) Clz (g) Cl(g)
—411kJmol' | 109 kJ mol* | 496 kJ mol” 242 kJ mol™* | =349 kJ mol™

(5. 9o 301 8) 13 guumtcSUi gal 23 5 Alias g3 Sl S pras SRine

i oyt g o A o2 gl o L g 513 it Cdlia 33 ALA soka (3 e i (0 SRSIA ) Sy S e
39 (g 0303 QLIS 315D 3a0 40 10 gas — Sligal i ji p K sk 2SI, @)
2NaCl + CaCO3; — NaCOj3 + CaCl,
AS ol g5 RSNy iy ) JSliia 33 A Cl 335 (o U piens ) sbo 43 S S S 5 3 IS s g JISH )
i G Sl gl
CaCO: & [A]+[B]
NaCl + NHz + [B ]+ H,0 »[C]+[D]
2[C]A>Na2003+H20+[B]
[A]+H0—-[E]
[E]+2[D]— CaCly + 2H;0 + 2NH;3

[EJU[A]JseAUaS)) Sl 5 basd Jga b Cuud GRS) g alai (5 g9 4385 IS 45 sla K oxina Ll A Lo
Ay gis 23 20l 201 LS
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Problem 1. Clathrate gun (8 points)

Total

w
S
93]
»

Question| 1 | 2

19

w
(6]
»
N

Marks 2 1

The only gun that is able to kill all living people in one shot

On the floors of oceans and seas there are vast reserves of methane
in the form of clathrate compounds called methane hydrates. These
reserves can be mined and serve as a source of energy or raw
materials for organic synthesis. However, scientists are seriously
worried about the possibility of spontaneous decomposition of
hydrates caused by the raising ocean temperature. It is believed that
if a sufficient amount of methane is released into the atmosphere,
the oceans will warm up quicker due to the greenhouse effect,
further accelerating the decomposition of clathrates. Due to the
explosion of the resulting methane-air mixture and/or changes in the composition of the
atmosphere, al living creatures may become extinct. This apocalyptic scenario is called a
clathrate gun.

Upon decomposition of 1.00 g of a methane hydrate with a fixed composition at 25 °C and
atmospheric (101.3 kPa) pressure, 205 mL of methane is released.

1. Determine n (not necessarily integer) in the formulaof methane hydrate, CH 4-nHO.

Calculations:

Answer:

Real methane hydrate has a non-stoichiometric composition close to CH,4 6H,O. At
atmospheric pressure, methane hydrate decomposes at —81 °C. However, under high pressures
(e.g. on the ocean floor) it is stable at much higher temperatures. Decomposition of methane
hydrate produces gaseous methane and solid or liquid water depending on temperature.

2. Write down the equation of decomposition of 1 mole of CH 4-6H,0 producing solid water
(ice) HO(s).
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The enthalpy of this process equals 17.47 kJ-mol™. Assume that the enthalpies do not depend
on temperature and pressure, the volume change upon decomposition of hydrate is equal to the
volume of released methane, and methane is an ideal gas.

3. At what external pressure does decomposition of methane hydrate into methane and ice
take place at —5 °C?

Calculations:

Answer:

4, What is the minimum possible depth of pure liquid water at which methane hydrates
can be stable?

To answer this question, you should first deduce at which minimum temperature methane
hydrate can coexist with liquid water. Choose the correct answer.

0 2729K U 273.15K O 2734K

Calculations:
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Answer:

Large methane hydrate stocks on the floor of Baikal lake, the largest freshwater lake in Russia
and in the world, have been discovered in July 2009 by the crew of a deep-submergence
vehicle «Mir-2». During the ascent from the depth of 1400 m methane hydrate samples started
to decompose at the depth of 372 m.

5. Determine the temperature in Baikal |ake at the depth of 372 m. The enthalpy of fusion
of ice is 6.01 kJ-mol™.

Calculations:

Answer:

Total amount of methane in hydrates on Earth is no less than 5-10™ tons.

6. By how many degrees would the Earth atmosphere heat up, if such amount of methane
is burned by reacting with atmospheric oxygen? The enthalpy of combustion of methane is —
889 kJ-mol™, the total heat capacity of the Earth’s atmosphere is about 4-10% J-K™.

Calculations:

Answer:
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