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Solutions
1. Analytical chemistry

IChO Veszprém - Budapest 1987

a) Bo indicates that the complexation of JAg/ith CN easily occurs. Thus A denotes the point Wheré\gTI is present

in complex form, having a higher potential than+A5 shows the point where the precipitation of Ag&tiarts thus

leading to a constant /f\g:oncentration until all CNis precipitated. Now at point C the precipitatioihthe more
soluble AgCI begins:

A:Ag' +2CN - [Ag(CN),]
B: [Ag(CN),]- + Ag” - 2 AgCNI
C:Ag" +CI - AgCli

b) 22.47ml =4.94 ml

¢) [CNT = (4.940.120)/1000 mol/l = 1.98 16 mol/l
[CI] = ((10-4.94)0.1140)/1000 mol/l = 2.02 16 mol/l

d) For the system Ag/Agat point A: E = i+ 0.059 log[Ad]
The following equations are derived from the eftilim conditions:

[AICN)Sl it tag? L. 247001 e = .
[CN B, with [Ag'] + [AQ(CN);] = —— - mol/l; [CN] = 2[Ag’]

which yields an equation of third degree in J[/]Xg

[Ag] =

4B,[Ag'F + [Ag(CN)] = O

[Ag(CN)2] can be assumed to be (2@.1)/27.46 mol/l and therefore [Abequals 1.2130° mol/l. The emf will
be: E = 0.8 + 0.059 log[Ag - 0.285 = 0.048 V

at point C: [Ag+] Q/Ksp(Ach: 1.33310° mol/l and E = 0.8 + 0.059 Iog[A’g- 0.285=0.227V
e) Since both AGCN and AgCl are present is theipitate, the solution must be saturated:
in the solution: [CVICN] = KspageKspageny = 16 2°= 1.22710°

in the precipitate: n[AgCI}/n[AgCN] = 2.02/1.9802

IChO Helsinki 1988

a) Ag +Crl - AgClL
2 AgCl - 2Ag+Cb
3Ch+3H0 R ClOg +5Cl+6 H

Total: 6 AgCl + 3 HO R 6Ag+ClO; +5Cl+6 H'
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or 3Ch+5Ag+3HB0 - CIOy + 5AgCl + 6 H

b) Of 100 g AgCl 12 g decompose and 88 g remaingl&quals 0.0837 mol and therefore 0.04185 mel &k

liberated. Out of that (1207.9)/143.3 = 9.03 g Ag remain is the precipit&f60.837 mol AgCl are newly formed (=
10.0 g), so that the total mass of precipitateyiaids:
A=889g+9.03g+ 10.0 g=107.03rglative error = 7.03 %

¢) [H'1=[AT+[L]+[OH]
[HA] + [A7] = 0.02 mol/l pK(HA) = pH + p[A-] -p[HA] = 4 £&graph)
[HL] +[L"] = 0.01 mol/l pK(HL) = pH + p[L-] - p[HL] = 7 £&graph)

For problems like these, where no formal algebrsiddution is found, only simplifications lead to good
approximation of the desired result, e.g

1.[H1=[A] (since HA is a much stronger acid than HLtstiat [H], [A ]»[L7], [OH])
[H'1? + Kaa)H '] - K1a)0.02 = 0=[H"] = 1.36510° mol/l; pH = 2.865

2. Linear combination of the equations

[H'] = KayHAVA 7] = K HLYL ]
[HA] = 0.02 - [AT; [HL] = 0.01 - [L; [H'] = [AT + [L7] + [OH]

yields:
(A] = 0.0Z[K 4
[HT + K
(L] = 001K
[H] + K
] = 002K, O00UKw) , Ku

[H'] + Kpay  [HT + Kay  [HT]

The equation above can only be solved by numeaipptoximation methods. The result is pH = 2.86% e that
it's not necessary to consider all equations. Sfitgiions can be made here without loss of acgur@bviously it's
quite difficult to see the effects of a simplificat - but being aware of the fact that alreadydbealled exact solution
is not really an exact one (e.g. activities are lmgihg considered), simple assumption often lead Wery accurate
result.

Ky = [ML] _ Ka[L]
Y ML+ HL#[NHL+[ HoLD)  ([L]+[HL+[NHL]+[ H.L])
[HL] = KalHoL] [HL = LH L = Kal[HL] _ Kal[Kaz[EH 4] ;
[H] Kaz [H] H]
[NHL] = Kunc [N][L][H]
And finally
= Ky Ky

T+ HE e INDHT

al KaK a2
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I ChO Pittsburgh 1992
a) [CI]=(0.01616 I) (0.00164 M)/(0.05 I) = 5.80* M = 18.8 mgl/!
Thus the chloride concentration is sufficientlgthifor normal oyster growth.
b) Ag" (aq) + Cl(aq) ~ AgCl ! (s)
¢) 2Ad’ (ag) + CrQ” (ag) ~ AgaCrOs ! (s)
d) KsplAg2CrOy) = [Ag'1[Cro 21 = 4% if x = [Ag] = [Ag'] = 7.0710°%, [CrO,*] = 2107
[CIT = KsfAGCI)/[Ag™] = 1.78(10'%7.07(10° = 2.5(10° M
e) 2CrQ% + 2H _ CprO% + HO eitherfor CrgF + H _ HCrQy + H0
f) A buffer system has its maximum buffer capawityen pH = pK,. So, the system 3 would be best sincg pK.2

9) (0.1 mol/l) (0.51) (119.98 g/mol) = 6.0 g NalPO,
(0.1 molfl) (0.51) (141.96 g/mol) = 7.1 g NdPO,

h) mol Ag" added: N(A§)aq = (0.05 1) (0.00129 mol/l) = 6.4510° mol
mol Ag' left: N(AG)jert = (0.02746 1) (1.411.0° mol/l) = 3.87010° mol
mol CI in sample: n(C) = N(AG)ag- NAG)jer= (6.45[]10'5 mol) - (3.87[&0'5 mol) = 2.580110° mol
— [CI]=2.58[110°/0.05 = 5.161.0" mol/l
i) mol AgCl lost: (0.010 g AgCI)/(143.35 g/mol) =98 [10° mol
mol Ch produced  %(6.9810°) = 3.49110° mol
mol new AgCl prod. 5/3 (3.49[[0'5) = 5.82110° mol = 8.34 mg

The amount of Ag formed is equal to the amounfA@€l lost, thus [Aglrmed = (6.98D10'5 mol) (107.9 g/moal) =

7.53 mg
The mass of the sample is equal to 3.0 g - 0.8B@®4 mg + 7.53 mg = 3.006 g. Therefore the toi@s$s of the solid
will be too high and the difference_is 5.87.mg

IChO Peruggia 93

a) Baseline separation requires that R5 for each pair of peaks (GCA/CA, i.s./GCA). &hde calculated from the
N/m value taking into account that the column lérigt25 cm:

N=2.56[1L0% (25/100) = 64107
By substituting ther, K and N vlaues in the above equation, the remwidor each pair of peaks is found as
follows:

For column A:
0 GCA/CA = (399-120)/(380-120)=279/260=1.07

K'GCA = (399-120)/120 = 2.32
R GCA/CA = (+/6400/4) (0.07/1.07) (2.32/3.32)=0.91

0 s /CA= (442-120)/(399-120)=222/279=1.15

K'j.s. = (442-120)/120 = 2.68
Ris/CA= (+/6400/4) (0.15/1.15) (2.68/3.68)=1.90

For column B

o GCA/CA = (395-130)/(350-130)=265/260=1.20
K'gCa = (395-130)/130 = 2.04
R GCA/CA = (1/6400/4) (0.20/1.20) (2.04/3.04)=2.2
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s /CA= (430-130)/(395-130)=300/265=1.13
K'; ¢ = (430-130)/130 = 2.31
Ris/cA= (v/6400/4) (0.13/1.13) (2.31/3.31)=1.6

For column B the minimum value for R is 1.6 sa ttmplete separation is obtained where for colutgn R=0.91.

Therefore, column B should be used.

b) The amount of acid in the extract solution (1)ro&an be calculated from the relationsship:

pumolegcigmoles o = (AregygifAreg g )/F where F is the response factor.

Therefore:
umolesycig = (AregycidAreg g )/F umoles g

CA = [(2200/2304)/0.5] 2.7 10 = 51 noles
GCA = [(3520/2304)/0.2 2.7 10 = 2@énoles

2. Inorganic chemistry

IChO Leiden 1986

a-c) The isomers are:

a NH, d NH, b d NH, H;N Br
>Pt/ >Pt/ >Pt/ >Pt/
a \NH3 H,N g Br \NH3 a \NH3
NH, Br . P
\P/ si nc H,N NH, can only attack on
2

d) The following 9 isomers are possible:

NH, NH, d NH, d NH, d
2

O R G SN

/N\ c H\\\\\ N/ \C| HC\\\\ N/ \CI /N\ Br
CH, CH, CH, 3~ H CH, CH;

[ I [ [

NH, Br NH c NH NH Br NH
[ \Pt/ \Zpt/ \ZPt/Br \zpt/ \2Pt/Br

RN

N a e N Br Y S o v Y S

CH, CH, H, HC f CH, H,C

e) In a-c) there is no change possible in d) 14 BEndi6 and 17, I8 and 19 transform into one oth&hrough this
isomerisation also Pteldmen), PtBs(dmen), PtCl (pn) and PtBf(pn) can be formed, even though they are not

isomeres.
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f) PtCh(en):PtBp(en):PtBrCl(en) = 1:1:2

9)
PICh(NHg), —  (PLCI(HO)(NH3)p)" = Pt(H,0)2(NH3)2)**

In blood the hydrolysis does not occur, becausectincentration of Cis rather high and the equilibrium on the left
side.

h) The bond is due to the cis-isomer, becauseahdhase the distance between the bases (320 pnt) change only
2100/2 = 297 nm, whereas the trans-compound would halistant of 2102 = 420 nm.

IChO Leiden 1986

a) The structures are:

o o
S,

O- :) o) (: : o o) O/P\O 9

L e T

o o o o \O/ o
P2Cq n5- [ %cd3'

b) Since M§+ has the coordination number 6 one water moleseiiees as the sixth ligand among the five l@ands
already present in the b910]5' - ligand:

c) Possible ions are Al or F€™ because of their equal charge and similar size. tfiphosphates are not soluble in
water.

d) [C&™] + [CaP010% = 0.225/40 mol/l; [CA&'] = 0.02/40 mol/l = [CaPy01d° = 0.205/40 mol/l
[P3010°] = K{[CaP01q% / [C&™] = 1.02510°° molil
[CaPs01d* + [P3010°] = 5.135 10° mol/l = 37.6 g NgP301¢in 20 | H,0)

IChO Veszprém - Budapest 1987

a) [HgPOy] + [HPOs”] + [HaPOs ] + [PO;%] = Ticonsi [H']= 107" molll
[H3POy] = 1molil
[PO2] = (KaH1®) 1 = 2.510° molll = 1.955%
[HPO,2] = K{[PO2JH ™ = 1.2910%° moll = 97.97%
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[HoPOy ] = Ko[POSTH 12 = 1208 molrl =0.078%

b) Nag.n(HPOy) CMH0 (n =0,1,2)
The titrated solution contains 100 mg (y mole}taf salt and 1.00 mmol of sulphuric acid. The redgirotons (in
mmol) can be calculated using the results of &)(2-0.9797-2.00078)y = 2.653

Since y = 100/M (in mmol) but M 120 g/mol the only real solution is n = 2. Therefé1 = 156 g/mol, m is (156-
120)/18 =2 = NaHhPQ, [PH,0

IChO Helsinki 1988

a) Fig. 12 shows the electron densities. The aleitrconfiguration of the element A is42¢ 3¢ 3p6 3dt? 4¢ ad
4d95¢ 5p6 which is an inert gas (Xe).

Electron density of E

o
o o
- Yol

-200
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Fig. 12 Electron density distribution of E

b) AR, + n2Hg - A + n/2 Hgh

PV _ 101000 5.32510° i moi

RT 29€[8.314 e = 2.1T10° mol of A = nae

Na =

Magn = 0.45 / 2.1710° = 207.4 g/mok Mp + nMg
NMg = 0.367 Mygn = N = (2070.367)/19 = 4.0055> AF4; Ma = Magy - Mg = 207.4 - 76.1 = 131.3 g/mol

c) A: Xe B: Xek C: Xek D: Xelg E: XeF(OSGF)
d) The molecular structures can easily be explagwedbining all binding orbitals of fluor with theccupied orbitals of
the inert gas to equal electron pairs which forstracture such that their repulsion becomes minimal
e) Xekh + H,O - Xe + 2HF + 059
XeR, + 2HO0 - 2/3Xe + 4HF +1/3XeP+050
Xek + 3 HO - XeO; + 6 HF

PV _ 100000 53.2510° e
as — = m2m0 = 250103mol
Do Mes = o7 8.314 029C mIK

N(Qy) = 0.4[Ngas= 1.0020°* mol

Assuming that n(XefF)=a; n(Xelg )=b; n(Xek )= c gives the following results

= nXe)=a+2/3b; n=12a+1/2b;
Ngas= N(Xe) + n(Q) = 3/2 a + 7/6 b = 2.500°° mol
n(Qy) = 1/2 a + 1/2 b = 1.000°> mol

=~ a=0510° mol; b= 1.510° mol



International Chemistry Olympiad IChO page 8

6FET + XeQy + 3HO - 6FET + BOH + Xe
n(XeOy) = 1/6 n(F&") = 1/6 [c(FE™) v(FE€M] = 1/600.10036.0110° mol = 6.0010°* mol = 1/3 b + ¢
- ¢=0610-0510°=110"

Thus the molar composition can be obtained:

molar composition: XeF,: 0.510° mol (23.8%)
XeFy: 1.510° mol (71.4%)
XeFs: 110 mol (4.8%)

IChO Halle 1989
a) Cu(lQy), + 121 +12H -  Cul + 654 +6 HO

I, + 2 S05% - S065 + 2T
0.110.0z[1
b) c +) = mokl = 11 2 mol /|
) c(Cu+) 206.50.0, 510

c(105%) =2 ¢(CE") thus Ksp= [CLF'] 10571 = 4 [Cf"]® = 6.0810° moP®

IChO Hallo 1989

a) 2% + 50 o 2%y
b) PCE +2 OH . POCk + 2CI + HO
POCkL + 6 OH . PO +3CI+ 3H0
PCE + 8 OH - PO +5CI+ 4H0
ClPNPOC) + 11 OH ~  2PQ¥ + NHg + 5CI + 4H,0
) A=AgeM 42 A=058 =  A=In2, A=10°Ag
InA - In In103
t = nA-1InA0 _ _ﬂd = 142.5d
A In2
14.3

d)
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af . fa
~P—=N—PJ (0] cl
“ CI& . —> Ccll;g—N=32Pi—cl + POCI3
CI/‘»I:*—Cl cl
Cl
af el
AP=N=PJ
cl é_ cl o o
RN / ©
—> _P—N=P—cCl + POCIg
a A) “ kS
C|;T+_C|
Cl
e) Specific activities 4{ll) = 18.6 Ba/mg Because ofgffIl) = Ag(IV) the second mechanism
Asdlll) = 0.18 Bg/mg proposed in d) is probable ahdrefore it's P(AI+
AsdlV) = 18.5 Bg/mg that attacks the O-atom.

f) Given: Ksp = [Mg?*I[NH 4"IP0O,*] = 10™%® [NH,] = 0.1; pH = 10, pK = 2.2, pky = 7.2, pkg = 12.4
exact solution:

2 [Mg®*] + [NH4'] + [H30"] = [HoPOs] + 2 [HPQ;*] + 3 [PO;>] + [OH]]

[HPO”] = [PO;°1 [H']/ K3

[H2POs] = [POS™] [H+] / Ko = [POT [H'1%/ (K2 Kg)

[PO;°] = Kep/ (INH4'T [Mg*"])

= 2[MgP] = (HTP/(K1K3) + 2[H']/ K3 + 3)(Ksg[NH4'T) - IMg™1(INH 4] + [H] - [OHT])
etc.

simpler solution:

at pH = 10 the main component is HﬁQHPOf] = [PO43] GNE Kg = 1004 [PO43]
[HPOy] = [HPO,”] [H']/ K, = 10%°[HPO*]
L = [Mg®*] [HPO,*] and Ksp = [NH,*]CLIK3L/[H"]
pL = 0.5 (pKp+ pH - pKg - p[NH,] = 0.5 (12.6 + 10.0 - 12.4 - 1.0) = 4.6;_L =@A5> molll

1ChO Paris 1990

a) Cg(PQy)2 + 4 PO, — Ca(HhPOy)2 + 2 HF
CaCQ + 2 HPO; — Ca(HPOy), + COt + HO
Cay(POy)p + 2 HSOy + 4 HO - 2CaSQ + 2 HO + Ca(BPOy),
Cak, + HSO, +2H0O - CaSQ 2 HO + 2 HR
CaCQ + HSO, + HO — CaSQ 2 H0 +CO1

19 apatite contains 0.284/142 = 27100° mol of Ca(POy)2
0.034/(219) = 0.8810° mol of Cak
0.061/44 = 1.330° mol of CaCQ
0.035/80 = 0.420°> mol of CaSQ
0.473/56 - ®.284/142 - 0.034/38 - 0.061/44 - 0.035/80 = - A2 mol CaO that remain
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The amount of BP0, needed to react with 1g apatite is equal tosR®h) = 4 n(Ca(POy), + 2 n(Cabk) + 2

n(CaCQ) = 12.5610° mol. 50 ml of the acid contains @8 mol of HsP Oy, therefore 25/12.56 = 1.99apatite is
needed to neutralize thesPIO,4 present.
The amount of HSOy needed to react with 1g apatite can be calculatdte same way:

n(H,SOy) = 2 n(Ca(POy),) + n(Cak) + n(CaCQ) = 6.2810° mol. 50 ml of the acid contains 500 mol
sulphuric acid. Therefore 5/6.28 = 0.80 g apatitededed to neutralize the$0;.
The total amount of apatite isgm 1.99 + 0.80 =2.79 ¢

b) Formation of Ca(kPOy)o:
1.99¢ of apatite needed to neutralize th® @, contains 1.2.0010 3 mol Cag(PQy)y, so there is 22.10°=1.2 10
2 mol of dihydrogenophosphate being formed. From£4aFf9[0.89 = 1.80 mol and from CaGO1.99[1.39 =
2.77 mol Ca(HP(Qy), are formed. 0.8g of apatite that reacts with 50ofmthe sulfuric acid and yieIdSI]lZSIZIlO'3 =
1.620° mol Ca(HPOy),.
m(Ca(HPOy), = 18.0710° mol = 4.230 g
Formation of gypsum: m(CaSiP= m(H,SOy) = 5.0010°> mol = 0.86 g

The amount of CaS(hat was already present in 1g apatite and yiefgpdum is 0.4330°72=  0.075 g.
There remain also 0.034 g of silica, so the thémaktnass of the residue should be:

My, = 4.230 + 0.86 + (0.0753 + 0.082)79 =5.39 g

The difference of 0.1 g may be due to water andacted Caj-in the residue.

c) The second reaction is intended to dissolvéigRaQx)», all the other products remaining on the filter.
According to the yielded residue of 0.144g, 1gdes contains 1 - 0.144 = 0.856 g soluble prodifidt. were all
Ca(H,PQy), it would correspond to 0.856 / 234 = 3BG° mol. For 5.49 g of residue it is 0.0201 3ol soluble
product (B). The amount of acid used is 0.500 / 20 = 0.025 O, (equals 0.0125 mol®s) and 0.005 mol
H>SOs. The amount of Gf#PQy), in 2.79 g apatite is 0.00558 mol (equals 0.00558 RpOs). SO, kxp =

100]0.0201/(0.0125 + 0.00558)] = 111%
Since 50 ml water dissolve 0.115 g of gypsum réa quantity of Ca(bPOy)2 is 0.856 - 0.115 = 0.741 mol, so that

the real yield givesekp = 100[0.0174/(0.0125 + 0.00558)] = 96 %.
The theoretical value fogy, is: fexp = 100[4.23/234 / (0.0125 + 0.00558)] = 100%, so thizckition makes sense.

IChO Paris 1990
a) Cu(t0)™" + HO _ HO" +[Cu(OH)(H0)3*
_ [H:OI[CUOH)(H.0);] _  [H:O'F

[Cu(H.O)" 102 - [HsO']
pK, = 2pH +og(10? -10™) = 9.30 - 2 = 7.30

Ka

[CP[OHT? =10%% [C']=10%mol/l = [OH]=10% pH=5
[CU(OH)(H0)3™ : [Cu(H,0),%1] = K : 10°7 =107 10° = 1: 200

by2cd _ cf" + cu  K=[ca/[cu"?
0.52 - 0.16 = 0.059 Ig K (Nernst equatien)K = 10° mor* I
at equilibrium: [C(] + 2 [CL#™] = 102 and [C#"] = 10° [Cu'] so that the following equation is obtained:
2010°[cu']? + [Cu'] - 102 = O with the solution [CJ = 7.0720° mol/l and [CG'] = 4.9610° mol/l.
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other disproporttionation reactions: 8 - H)O + 0.5Q (catalyzed by KMn@ Fe etc.)

2 G + 20H - 2HCI +2CIO (basic conditions)

C)CwO + 2H0" + 26 - 2Cu +3HO : [Cu'] =[10-15 / [OH]
E; = 0.52 + 0.059/2 log ([CJ [H30'1?) = 0.49 - 0.0885 pH
2Cf" +3H0 + 26 - CywO + 2 HO"

E, = 0.16 + 0.059/2 log (10/ ([Cu'] [H30™1?) = 0.07 + 0.0885 pH
CuQG; is stable when £> E; i.e. 0.42 < 0.177 pH, orpH > 2.4

CwO can be obtained by the reduction of€in acid or basic media, e.g. by Fehling's solution
sugars.

d) Cu(NHy)," _ Cu + 2NH; ; Kp = [CUT[NH3]?/ [Cu(NHg),"] = 1011
knowing E(Cu'/Cu) = 0.52, the HCu(NHg)*" / Cu") becomes: f§ = 0.52 - 0.06 pig = - 0.14 V

e) The standard emf of a €icu cell is thus: B= (0.5+0.16)/2=0.34V andg,%: 0.34 - 0.03 pk
pK, =(0.34 - 5,0)/0.03 =(0.34 - (- 0.02))/0.03 =12

e)Cu(NH)2" + 26 . Cu + 4NH Ep=-0.02V
Cu(NHy)," + € -~ Cu + 2NH Eg=-0.14V
Total reaction: Cu(NbD42++ ) - Cu(NI—b)2+ + 2 NH;

Since onlyAGlis additive and fromdG® = - nFE it follows: By = 2 0.02) - (- 0.14) = 0.10 V

u + € - Cu + =-U
f) Cu(NHg)?" C 2NH Ey=-014V
CuNH)2* + € ~ Cu(NHs)," + 2NH; Ef=0.10V

Since F < Ep the Cu(NI—§)2+ ion doesn't disproportionate (the e.m.f would B€l4 - 0.10 = -0.24 V)

IChO Lodz 1991
Three processes may be observed when dissolvirgjlimsulphides in acids:

- binding of < jons into undissociated H&nd HS
- formation of metal - anion complexes

- oxidation of € ions to free sulphur

a) ¢(Tl) = 0.2 mol/l
o(S) = [S*] + [HS] + [H,S] = [S*] (L + [HJ/K » + [HT]?/K 1K) = 0.1 mol/]
solubility conditions: [T1]2 [S*] <10°%°
For a strong monoprotic acid (1M),T]-is certainly greater than 0.1 mol/l :

reducing

Thereout:

[S1=0.1/ (1 + HIK + [H1%K1Ko) = 10 moll = [TI*]?[S%] = 0.04 [$] = 420" < Kgp (T1,S)

b) Dissolving CusS in HCI (nonoxidizing and noncoexhg acid):
[CW?™] = 0.1 molll
In order to dissolve 0.1 mol of CuS, the conceiatraof [SZ] must be lower than §(CuS)/0.1:

[S]1=0.1/ (1 + [H/K» + [H1ZK 1K) <1034
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1+ [HK » + [HYK K5 >10%= [H'] >3.2010° mol/l which is impossible to obtain !
When dissolving in 1M HN@an additional redox process occurs, the oxidaifc®’ to S.

2NOy + 8H + 3% . 3S + 2NO + 440
The e.m.f of this reaction &€ = E° - E,° = (0.96 + 0.48) = 1.44 V

The equilibrium constant of this process is:

« - [SPINOPH,0}"
[§ T H FINGET

Cous [S] + [HS] + [HS] + [S]]

From the above equilibrium follows that @ K[NO3']2[H +]8/[NO]2 and therefore [%] is equal to:

og K = 26 - MFpp - mm(El - ED g e
RT _ RT 0.059
(] = Coe = _CCUS__ - 18611051 mol /|

[H1 4 [HT [KINOFTH® 5.4007049
1+ 0+ B+ e (10

for CusS: [C&+][SZ] = 1.8610°2 mol/I? << Ksp(CuS) which means that CusS dissolves easily in IOk

IChO Lodz 1991

a) reduction (calomel electrode (+)): Y-5Bp + € - Hg + CI
oxidation (silver/silver chloride electrode (-)) gA + CI - AgCl + e
Summary reaction Ag + 2@, - Hg + AgCl

b) AG® = -nFE = - 4.39 kd/mol; SincAGP is negative, the reaction is spontaneous.
c) The change of enthalpy is related to the Gibbb¥iHoltz equation:

AH=AG +TAS = -nFE + nFIE/AT) = -nF(E-TQE/AT)) = 5.33 kJ/mol

d) For the Ad Ag" electrode E = &+ 0.0591 log[Ad]
For the Ag,AgC| CI electrode [Aé'] is determined by the solubility product: [ﬁ]g: Ksp/ [CI]

E° (Ag, AgCl| CI =E° (Ag| Ag") + 0.0591 log K= 0.799 - 0.577 = 0.222 V

e) E (Hg, HaCly| CI) = E° (Hg| Hg?") + 0.0591/2 log Ko (Hg:Cly)
The standard potential of the calomel electrodeqisal to 0.0455 + 0.222 = 0.2675 V. So, lag, K1g,Cl>) can be
calculated as: log & (Hg2Cl2) =2(0.2675 - 0.799)/0.0591 = -17.99

Kspis equal to 1.030'8
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I ChO Pittsburgh 1992

a) In five years a whale eats carbohydrates coffinorg 53657510 = 1.410° kg krill which themselves need 10’
kg of carbohydrates coming from diatoms. For 180581206, 6 44 g CQ is necessary, so for 100’ kg 1.400°

[(264/180) = 2.0010 kg of CQ, are needed which is 1m0 litres.

b) The amount of water is20 ] (0.03 %o).

¢) The mass of nitrogen from a whale is om3L uat kg=2.7 mlog g.
mol N = mol NH;" = 2.701.0° / 14 = 1.971.0° mol 13 10% kg NH,*

d) One whale contains 1m0 kg of carbon which is 1.816° mol of CGO; freed and 6.51.0° mol CaSi@ =7.5 mo’
g CaSiQ thus formed. 1000 whales therefore produce I g CaSiQ.

IChO Pittsburgh 1992

a) a) NOz. a) N2

b) by) MnO, bp) Mn(OH),

¢) The black solid is Mn@ which corresponds to Miwhen oxygen is absent.

d) NO3 and N. In practice only N@ would oxidize Mn, since the activation energy ffgrin order to break the triple
bonds is very high.

e) MmOy, MnyO3, MNO,, MNQy, MnO42'

f) NH4MnOy is thermodynamically stable whereas (J4#n0O;, is not.

g) 2NHMnOg4 - 4 H,0 + 2MnGQ + Ny
(NHg)>MnO4 - 4H,0 + Mn +N

h) According to the diagrams, KNOs easily reduced by Mn wheres the potential ofQdliis more positive than the
potential of N@'. So a mixture of KN@and Mn could be explosive.

) E=E°+0.0591/3 log(IMn@][H 1% = 1.692 V + 0.0197 log (0.0010 %) = 1.34 v

IChO Peruggia 93

a)13] | 13Ixe + e
b) Decay reactions are first order reactions. Then:

= In2 and therefromt,,, = In2 = _70'_619C - =8.0d
t,, k  993M107s ™ B640(sc

c¢) For a first order reaction:
In Co =kt

C
where @ and C are the concentrations at time 0 and timespectively. Solving for t yields then:
In& =90.93010" [ andt = ﬂ =14.03

3C 8.64(10

d)
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dN _
dt

-10"pcB 714 dis/ s= - 3 ig s

t Du 13l| .
m = AN Ly, T _ 3708 0886400 L38isCs0GIMOl_ g 1y s
dt N, On2 6.02[1LG° 00 693 sCmoldis

3. Physical chemistry

IChO Leiden 1986

a)A=ch =2llnwithn=1, 2, 3, ...

b)
h D'l 2 2 2
E. = h'In = h |2 |1nﬁom0' nlzumo)

hie = mQp? p?
- =
2l 8ml? 8m

:—'p:D:
’ A

c) For k electrons and=0 mod 2, k/2 orbitals are possible, $gis k/2 and gme=k/2 + 1

h? hic 8mcl?
1/2k + 1y - 1/%* = —Ok + 1 A= =
[( Foua =g Gk = AE  h(k + 1)

h2

ml?

AE, =

d) if N is the number of C-Atoms N is equal to ket even number of electrons k, so

8mcl _  8mcl?

A = =
Nh h(k + 1)

for even N's , the length of the box would be a{Nvith k = N electrons, so

_ 8mc(N-1%*a?
T h(N+1)

e) For a conjugated system N has to be even. Tairohtvisible colour, the wavelength should be gretnan 400 nm.
Therefore

8mc(N -1)?&?
h(N +1)

The equation Rl- 8.02 N - 5.02 > 0 derived from the equation abbas the only positive solution N = 8.60. Since N
must be even, the minimum number of C-Atoms is 10.

. (N-1)2
> 4[10° and accordingly:~——~* > 6.02
gy N+1

f) The angles between 5-6 and 7-8, between 11-@218rl4 are smaller than 9@nd therefore the effect of the double
bonds between C5 and C6, C13, C14 and O can'tdleated. They overlap to a small extent with thejegated
system C7 through C12 and enlarge the box significaA larger | leads to a largey, causing a shift towards a
longer wavelength.

g) Obviously, the box must be much larger when kotenopsin. Foi = 600 nm the atoms C5 to O at the end of the
chain must be forced into the plane:

| =0.133 + 0.150 +£0.134 + 0.148) + 0.120 = 1.54 nm; k = 22 3.3010'2 %/ (k+1) = 602 nm
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IChO Helsinki 1988

a) My(CgH1g) = 114.0, Cylinder volume () = 4.0010°% m°, Py = 101000 Nrif, To = 373 K
Considering one cylinder during one burn cycle ob&ains:
m = 0.400/25g = 0.0160g; & 1.400410° mol
NG = e + Ny = PgV/(RTgp) = 0.0130 mol (a: number of moles of gases,:rmoles of air)
= na = 0.0129 mol

= Air intake of one cylinder during 25 burn cycl&& = 25 r\RTg/Pg = 9.90710° m¥/s
= The air intake of the whole engine is thereforgy = 4Va = 0.0396 /s

b) The composition of the exhaust gases of onadgtiduring one burn cycle is considered:
before: 2 =0.21 n, = 2.709 mmol
M2 =0.79 , =10.191 mmol

01x GHig + 853 - 8CO + 9HO (10% C)
09x GHig + 125G - 8CO + 9HO (90% C)
CgHig + 121G - 08CO + 72CO + 9HO

No of moles:
before comb. 1.4080%  2.70910° 0 0 0
after comb. 0 1m0 1.12310" 10.1110% 12.6310%

The composition of the gas after combustion isdfwee:

Component N O, CO CcOo H,O Total
molc 101.91 10.10 1.12 10.11 12.63 135.87
% 75.0 7.4 0.8 7.5 9.3 100

¢) From thermodynamics the relation between theadpy and temperature change is given by

T2i=k i=k
AH = [YcandT = > can (T2 - T))
Ty =L i=1

AH = 1y [0.8 AH{(CO) + 7.2AH{(COy) + 9 AH(H,0) - AH{(CgH19)] = - 0.6914 kJ

This yields to:  691.4 = 0.40974{F373) and $=2060°C

c) P, =200000 Pa, ¥= 4.0010"* m3, ng = moles of exhaust gases in one cylinder = 0.01850
T2 = (RVo)/(ngR) = 708 K

d) The flow from all four cylinders is given: v425[g = 1.359 mol/s, so that

4
n(CO) _ 0251314 2010 [1.359& (%8373 = .01772
n(CO), 10.1110*

During catalyis: CcO + 059 - COo,
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in moles10* (4 cylinders)

initial 4.48 40.40 40.44
final 4.48 - x 40.40 - 0.5 x 40.44 + X

0.01772(40.44 + x) =4.48 +x = x=3.70
So, the composition of the gas after the catatyst i

Component N O, CcO CO H,O Total
mol1c* 407.64 40.40-0.5x  4.48-x  40.44+x 50.52 541.63
38.55 0.78 44.14

% 75.26 7.12 0.15 8.14 9.33 100

IChO Helsinki 1988

a)

In the two dimensional world and the electroargum numbers given, we obtain the following Fladian periodic
table:

1 2
1¢! 162

3 4 5 6 7 8
D2st| 2 2828 02¢26 128 2B 0% %
9 10 11 | 12 | 13| 14
n3st| p3< 35300353 (1323 1330
15 | 16 | 17| 18| 19| 20 21| 22| 23 24
Nast| (4 | (43l 1438 14230 14558 (1d ab| ottt pastssis! asisdad

b) sp1 and sﬁ hybrid orbitals are possible:

8 sp! % sp?

The element of life is the element with Z=5. Tleeresponding compounds of ethane, ethene and eycole are:

!
l\ /l 1\5/5\5/1
C2H6 e 5_5 CzH4 «—>» ]1—5—5—1 C6H12 - 1 1
1/ \1 1/5\5/5\1
|
1

Aromatic ring compounds are not possible sinceetlaee no electron orbitals left that may overlaphie case of gp

c) The octet rule is changed to a sextet rule18ielectron rule corresponds to a 14-electron rule.

d) The ionization energies and the trends in edeegativiy
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EA

electronegativity
increases e

element " ‘ ‘
| | | | //

LN,
3 4 5 6 7 82 yd

e) The molecular orbital diagram of the homonuckamolecules:

|
N 3

+
A A
2p —— B2 B2 —
M
v
- - - W
2s | A 1 1 A S 2s
K2 02 I\ IE\Z K2 0
32 42 52 62 72 82
stable unstable stable stable stable unstable
1 5 )
f) The Lewis structures and geometries: 3:1 141 5 11 71
1 1
g) The three-dimensional analogs of Flatlandiamelgs are:
1. H,gas 5. BorC, solid 9: Na, solid 131, gas
2:  He, gas 6: NorO,gas 10: Mg, solid 14r, gas
3:  Li, solid 7. F,gas 11: Alor Si, solid
4: Be, solid 8. Ne, gas 12: PorsS, solid
IChO 1989 Halle
a) 6CH + 30 - 6CO + 124 AH =-216 kJ/mol
CH, + HO > CO + 3Hh; AH = 216 kJ/mol
7CH + 3G + O - 7CO +15H; AH =0 kJ/mol

bl) For a pressure increase in two steps undexathditions given, the work of compression is:

3.0 MPa 6.0 MP

4 = 1.99M3
0.1 MPa 3.0M

= 100mol0 8,314mol*K™ H500K (n »
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2) For a preasure increase in one step the wotkmpression only depends on mp and p:

W, = anTIn§—§ = 200mole 8,31dmol'K™ « 500K In% = 3.40MJ

¢
= AW=W;-W,=141MJ
¢) With K = 3,3, the following equilibrium is valid

Nco, [ Nk, _ (18 + x) (40 + x)
Nco D1H20 (40 - X) (200 - X)

K =

X1/2 =184 £ 151.6; x= 33.2; %= 336.4

The composition of the leaving gas is:
6.8 mol CO, 51.2 mol C£ 2.0 mol CH and N, 73.2 mol B and 166.8 mol BD.

IChQO Paris 1990

a) The heat given off heats 1 mol of ZnS, 1,5 nidgand 6 mol of M. Therefore:
T

-AH(1350) = [ E5(ZnS) + 1&,(02) + Be(NIAT = 293.3(T - 298) = 448980( / mol)

298
Thus_T= 1830 K which indicates that the reaction is self-sustgin

b) If n denotes the quantity (in moles) of Si@er mol of ZnS, the heat given off heats 1 maZi$, n mol of SiQ, 1.5
mol of O, and 6 mol of M from 298 to 1350 K:

1350 1305
“AH = [ Z(ileo)dT = [ (298.3 + 72.5n)dT
298 298

Therefrom: 448980 = (293.3 + 72,5 n) (1350 - 298),n = 1.84 mol

¢) By mass, we have 110.6 g of Sifer 97.5 g of ZnS, or 46.9 g of ZnS per 100 g oferal. The maximum tolerated
ZnS content in the mineral is thus 46.9 %

IChO Paris 1990

a) In a buffer solution [bD+] is constant and the reaction of first order: k¥ fNO,;NH]

b) The rate laws of the three mechanisms proposed a

Vi = kl [NOZNHﬂ
V = k3 [NO2NH3'] = kgkalkp. [NO,NH,] [H30']
V3 = kg [NO,NHT = Kskg/ks. [NOSNHSJ/[H 0]

The third mechanism is correct.
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c) k= kskalky-

d) Noting that [HO'] = KJ[OHT it follows that v = k/K, [NO,NH,] [OH ], which shows the catalytic role of OH

e) d[N,O] can be expressed by the change of pressurg@iN (according to pV = nRT). We obtain:

_d[N,O] _ 1 dpN,O _ 1 dp _ k[NOzNHz]

dt RT dt RT dt [Hs0"]
We also know that Y\NO,NH5] = n(NO;NH»)g - n(N>O) = n(N,O)s, - N(N2O) from which

de _ _k RT

dt ~ o] v Q) - nN:O)

and thus

dp k

_r = . - =K -
at " o] P K. P

Integration gives p =p(1 - ék't) wherefrom: &'=1 - P/Ro

The graph of f(x) = In (1 -pfp) = -k't is a straight line with the slope k' shoinrfig.13. k' was determined to be Ag?

min l.

0 5 10 15 20 25
{ {

| | | )
tmir
-0.2—
-0.4
-0.6
-0.8-
\ N P )

Fig. 13 Graph of f(t)

IChO Lodz 1991

a) AE,_1=E,-E; =2.1810%8 (1 - i?)
AE, ;1 =1.63510"8
AE,_1=2.135108
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b) The Lyman serie is due &E ,_, 1 varying from 1.638018 (n=1) to 2138018 (n - ), which corresponds to
121.5 nm respectively to 93.0 nm. This is in the-kdgion.

¢) The ionisation energy is equal #E o, _, 1= 2.1810*8 3. BothAE 2_1 andAE 7_ 1 are smaller thamAE ,_, 1 and a
single photon emitted from these transitions isaté to ionize a hydrogen atom.

lonization of copper in a Cu-crystal is relatedhte photoelectric effect:
hv = ®¢y + Ein :q:’Cu"'l/Z”EVZ

BecauseAE 5_ 1 > ®c,andAE 7_1 > ®¢, both photons are indeed able to ionize a Cu-atothé crystal. The
kinetic energy of the emitted electrons is:

AEyin (2-1) =AE 5 1 - gy =8.91107°J

AEyin (7-1) =AE 7.1 - By =13.9T102°J

d) The wavelenght of an electron is: A = h/p = hi/2Ejnme (because &, = p2/(2rrb)
A =4.1610%m = 4.16 A
A =5.2010%m =520 A

I ChO Pittsburgh 1992

a) The structure of Ngis: b) The structure of )4 is
N
:0—N=0 O=—N—0: —
RO A / \o..

(At very low temperatures there is another stmactf N,O4 possible: O=N-ON@, nitrosyl nitrate)

c) NxO4 (9) - N> (g) + 23 (9) AGP = -98.28 kJ
N2 (9) + 2Q(9) - 2NO; (9) AG® = 2(51.84) = 103.68 kJ
N204 (9) - 2 NO, (g) AG° =5.4kJ

If x denotes the fraction of decomposegOy and R the partial pressure and X the mole fraction of th
corresponding species, we obtain:

- o113 = Pue)’ _ (PrXwe)” _ ()" _ 4x2

PN204 PT XN204 % 1-X2
wherefrom x = 0.166

Ko

d) If 2[0.166 = 0.332 atm of 04 decomposes, 0.664 atm of p€drms, thus

— (0664 1 1.332) —
Ke = (1-0332)/ (L +0332) — 0.496
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From theAG = -RTInK andAG = AH - TAS we obtain InK = AH / (RT) + AS/R. Supposing thatH andAS are

constants, InK is inverse proportional to T andoag put d(In K)/d(1/T) =AH/R. Since d(1/T) = -dT/(%) we obtain
the equation of van't Hoff:

dink) _ AH,
dT RT?

which yields

nKz o BHop 1 1)
K1 R T T1

upon integrating in the temperature rangg [Il;]. As a result we obtainl= 318 K

e) The first-order rate law is: A(t) :dm'kt and thust=1In 0.8/ (- 5EH)4) =4.200°%s
f) K = ky/ko= (9.8010%/(5.310% = 1.8010°

I ChO Pittsburgh 1992

a) [CO, (aq)] = KyPcos= 0.0343 M/atm 44010° atm = 1.5110° M
CO(ag) + BO () _H (ag) + HCQ (agq) AGP = 36.3 kd/mol; K = &CRT = 4.37m107

K = [H"[HCO51/[CO,] = X4/[CO,] since x = [H] = [HCOz].
Solving for x yields [H] = 2.57110°%; pH = 5.59

b) AH® = AH%(HCO3) - AH%(CO,) - AH%(H,0) = -691.2 - (-412.9) - (-285.8) = 7.5 kJ/mol

¢) Since the reaction is endothermic, the equiliforiconstant will increase with temperature. Theme[daf] will also
increase and the pH will decrease

IChO Peruggia 1993

a) AHO=74.9 - 393.5 - 2241.8 = -802.2 kJ mok
NS =-186.2 - 2 x 205.0 + 213.6 + 2 x 188.7 = -5.2%iH0IL
K| = exp [-&HO - A SO)/RT] = exp[(802.2 - 1.55.2)/8.314 x 1.5] = 4.621027

A)|HO = 74.9 - 110.5 - 2241.8 = -519.2 kJ mok
A P = -186.2 - 205.0 + 197.6 + 2188.7 = 81.3 Jmoll
K| = exp [-@ HO - A, SOURT] = exp[(519.2 - 1.5B1.3)/8.31411.5] = 2.13(110%2

b) Since K and K, are very large, both equilibria are completelyftslito the right, so thaig4 = 0.
At equilibrium we have the following concentratson
NCH4=0.TH20=2,MN2=8"co2* n"co=1m2=2-(2to2+ 150 = 0.5 o

¢) In the reaction | the total number of moles doatsvary; however it changes in Il from 8.5 to 9.

Before the reaction we havgyp= ncHga+ N2+ N2 =1+2+8=11

Kii/K1=PcoPo2/?Peo2 = xcoxoaPAxco2
XcoFNcodMot=(1-"co)/niot=1/11 since po<<nco2as a consequence ofjK<K|
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xco)32 = (K /K @P1211 = (2.131022 (11.414)/(4.621.027 x 11) = 5.9310°.
Xco = 7.06110°

d) Not=NCH4+ M2+ M2=1+4+16=21
At equilibrium: rpo=4 - 212+ 1.5 =2+ 0.5 =2
nco2=1-rco
Kj1/K| = PeoPo2t2Pcon = xcooPaxcoz= xco@212 (21 = 422 ¢
xco= 422k, K = 4212 2 1310%2%/4.621 027 = 711107

e) As a consequence of the condensation of wapgwathe number of moles in the gaseous phasegyebafrom 11 to
9 in case c) and from 21 to 19 in case d). Theeefibie mole fraction of CO changes, too.

XCco = 7.06[1L0°° [111/9 = 8.63 110 in case c)

xco = 7.110107 [(21/19 = 7.86110/ in case d)
These two values correspond to 86 ppm and 0.8 pspectively.

4. Technical Chemistry

IChO Leiden 1986

a) In order to minimize the pieces of apparatug, liquids A and B should evaporate together. Fanpete
consumption of the starting materials, A and B @@rculated as feed for the reactor. The schenfigofe 14
depicts two possible solutions.

1 s3 <
\
A Sl}
| sb
| w 100 C w
B \
=P
[ s4
\

system boundary
Fig. 14 Possible flow sheet of the process

b) A + 2B - 2C
1-x  2(1-x) 2X

In total 3-x mol gases are present after converssapposing that the input of A is a mol (S5) #minput of B b
mol (S6) we can write for the equilibrium:

p2

Pa (R

Kp= = 10.0M/Pa
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c)

d)

If x mol of A are converted, S8 contains (a-x) mblA, (b-2x) mol of B and 2 x mol of C. Therefo&8 contains (a-
X) + (9b-2x) + 2x = (a+b-Xx) moles and we can wfiethe partial pressures of A and B:

a- X b - 2x 2X
= — " [P = " [P = - -
P a+b-x P a+b-x P a+b-x

Therefore the equilibrium can be written as
2x)? + b -x
K, = G
(@ - x)db - 2% P
For P = 0.10 we obtain: Zx+ 4xb - 4% = alf - 4abx + 4a% - xb® + 4Xb - 4% and therefrom

0 = alf - 4abx - x5 and since 0: 0 = ab - 4ax - bx
With a total inflow of 0.5 mol/s A (S1) and 1 n®B (S2), the amout of C leaving the reactor (34Q)mol/s. So 2x
=1 and x = 0.5. The relation between a and b eawritten as: a = b/(2b - 4). Since the feed igkchiometric a:b =
1:2. Thisleads to b = 3 and a= 1.5.
All flows (mol/s) can be calculated now:

S1=0.5mol/ls A

S2 =1 mol/s B

S3=15-0.5=1mol/s A

S4=3-1=2mollsA

S5=a=1.5mol/ls A

S6 =b =3 mol/s B

S7=1.5mol/s A + 3 mol/s B

S8 =1mol/s A+ 2 mol/s B + 1 mol/s C

S10=1mol C

S9=2molB+1molC; SP=1mol A+1molC
By increasing the pressure, the equilibriumushed towards the side with the smallest numbenalécules, that
means to the right side. Another possibility isradiag the ratio of the feed. i.e a:B. Accordingate b/(2b-4), b will
be larger if a decreases and vice versa. Becaageetrenthalpy change is 0, temperature has ncteffe

= 10

Energy must be supplied for heating the evapowatd for the two distillation columns. The toézlergy consumed
of the flow in scheme can be calculated as follows:

Q1 =qg*S7 + 3g*S3 + 39g*S10=10.5¢q

IChO Veszprém - Budapest 1987

a)

(CHO), + NG - n CO(g) + n HO(Q) (1 mole gas/ mole carbohydrate)
(CH0),, - 0.5nCQ(g) + 0.5nCH(Q) (1 mole gas/ mole carbohydrate)

For 16 it of gases : gns= PV/(RT) = 646 mole (55%) with the rest (45%)réfere being sludge.
The amount of sludge is 45/886 = 528 mole, that is 15.85 kg/day

b)

c)

n(CH,) = 5/55646 = 58.71 mole
AH = -88258.71 = -5.1780" kJ/day

The sum of ChO is 646 / 0.55 = 1174 mole. Since 250 mg/dm3 50(@/m3 the daily amout of water is: v =
(117430)/(1G°D.25) = 140.9 iday

IChO Halle 1989

a)

SGQ + CaC@ + 0.5Q +2H0 - CaSQ .2 H0 + CO
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b)

<)

d)

SO, + Ca(OH) + 0.5Q + HO > CaSQ .2 H,0

Under given conditions:

n(SG/h) = v(SQ/h) /' V = 669.34 mol/h

M(CaCGQy/d) = n(SQ/h)M(CaC03)24 Hd10.95 = 1.5810° ka/d
m(CaSQ.2H,0) = (M(CaSQ.2H,0)/M(CaCQy))h(CaCQ/d) = 2.6310° ka/d

pH = - log[H0]; Ka = [H30' /(SO - [H30]
Solving for [I-b0+] yields to:

2
[H:O'lyp = -2 2 \/K— + KalSOJ

2 4

with [SO;] = N(SQY)/ V = 1.3410° mol/l and K, =[10°%2° mol/l, [H30'] = 1.3210 mol/l and pH = 3.88

e)

SGQ + NaS0O; + H,0 - 2 NaHSQ
Possibilities to increase the recovery of,&e: temperature rise, reduced pressure, lowerghte.

1ChO Paris 1990

a)

b)

<)

d)

In the continuous stirred reactor, concentratiare time independent and identical at every pdinis means that
the differential yield y for a given p is identidal the mean yield Y. A maximum mean yield is tlfiere obtained for
Ymax From the graph it's seen thatgy = 0.99 with p = 0.95.

In a continuous plug flow reactor concentratiare time-independent but dependent upon the twcatithe reactor.
We shall consider a thin slice dx of the reactadhatentrance and at the end of the reactor. Attieance [gHg] =
1 and [GH12] = 0, thus p=0 and y=0.97. At the outlet of thaater we have: [gHg] = 0 and [GH12] = 1. So,p=1
and y = 0.985. The mean yield is now the averageafer all p, which is 0.98 as one can easilyfsgm the graph
given.

In the plug flow reactor, the quantity of benedost (not hydrogenated) is 1-p. Fig. 15 showsatlea that represents
the amount of benzene that is not hydrogenatedtesrdfore lost. For the installation MP we firsvbahe amount
of benzene lost in the continuous stirred reactuchvis always 1- 0.99 = 0.01 independent from giaip point p =
0.95. At p > 0.95 to the continuous plug reactos tiee same loss of benzene as already indicatdtkifrig. 14
above.

In the plug reactor the percentage of benzesteidd?2% (the best mean yield is 0.98), therefbeeamount benzene
annually lost is 2000 tons/year.

In a MP installation, the yield of hydrogenatian0i.99 (except for 0.95<p<1 where it slightly deses to 0.985, but
this can be neglected) and therefore the overadimyéeld of hydrogenation is also 0.99.

The amount of benzene annually lost is 1000 yeas/
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N continuous stirred reactorcontinuous plug flow reac

" g

0.98 -

A

y

0.97 +

o6 -\ O O @ >
00 01 02 03 04 05 06 07 08 09 1.0
[C6H12]/([C6H12]+[C6HB6])

continuous plug flow reactor
1.00

0.99 +

0.98 -+

0.97 -

(03K - — >
00 01 02 03 04 05 06 07 0.8 09 1.0
[C6H12]/([C6H12]+[CEHE6])

Fig. 14 Amount of benzene lost in the P and MP reactor

5. Organic chemistry

IChO Leiden 1986

a) The high rate of hydrolysis of A is caused lyamolecular catalysis of the COOH group in thepmsition. In B the
COOH group is situated in the trans-position witspect to the amide group and therefore too faryafea
intramolecular catalysis.

b) For O<pH<2 the COOH group is not ionized anchit therefore act as an intramolecular catalyz#nelhydrolysis in
that pH-range is only the result of catalysis by @O0OH-group and not competing With;(lal+ the rate constant in that
range is pH independent.

c) At pH>3 the COOH-group deprotonates giving CO@tramolecular acid catalysis in which protomster plays an
important role is then not possible anymore.

d) The mechanism of hydrolysis is indicated below:
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CH
H. _CH i
H. _CH N8
N 3 N HH*N o-OH
H C.+ N~
H\ /C\\ > g ~ — \
c o . i oH [ o
/C /H H/ _0- /C\
H C/O Ml 1
o o ©
H CHj
H I HHf .0
\C/COZH H\C/C\ rate determining step \C/C\
I - I o I o)
C
-G / /
I CH3NH, |
0 (0]
e)
N/CH3 CHa H. CH3
I H— ‘
H_ e \ _OH H C.
C™ 7\ H,0 H c—C ¢’ o hydrolysis
g 0 > | o] | H E—
Il Il
(0] O
With the observation given, the rate determinirggp stan be identified.
13 18
o o 16 or 18 o c O M =47
H 13!/ H 13! 13 16
\C/C\ H, O \C/C\OH decarboxylation O——C——0 M=45
I /O £ I 1 —_— 12 18
H—C~ H—C~¢—OH oO—cCc—0 M=46
I I 12 16
o) 16 or 18 O—C—/—0 M =44

IChO Leiden 1986



page 27

International Chemistry Olympiad IChO
a) b)
COOH 0 o}
COOH 0—3 HaC >\H/ ‘H3C
N o
HO™ H HO H /g;o o H >,/AO
CH3 CH3 CH, o CH, o H CH3

Dilactide of L-(+)-lactic acid

L-(+)-lactic acid and
spatial formula

its Fischer projection

c) Dilactides of racemic lactic acid with the following configurations

Polylactide of L-(+)-lactic acid

(RR) (S.S)
9 CH
COOH o\\c/o\c/CH3 9 \\ﬂ:/ \‘/ :
‘ N
\ \
CH3 CHg 0 CHg
HaC
HaC cl | o
3 \C/O\ //O /C \C// H
HaC' 7 < HaC ‘
3 HoCoN] E H=C—N cl
cHy G ° CHs
E
Barnon
IChO Veszprém - Budapest 1987
/O\
Br MOBr 1 c—ch, H,0 PBry
— —>
OMgBr OH
socl,

NaCN H30" /A
CN .
Br Ho  “o c” Yo

Friedel-Crafts Hy (kat)
—» -
AICI
3
\

—

4

konz. H,SO4
—_—
A 7

OH
Indene
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IChO Veszprém - Budapest 1987
a) The ratio of primary / secondary and tertiarydurcts will be 9:2:1.

b) 1-pentanol reacts with a) cold conc. sulphucid gelimination) and with b) CrglH,SO, (oxidation)
2-pentanol reacts with a) under elimination, vidjtunder oxidation, with ¢) under reduction and thwi d)

(Haloform oxidation)

2-methyl-2-butanol reacts with a) under eliminatand with c) under reduction
c) a/c and b/d are enantiomers, a/b, a/d, b/c &hdre diastereomers.
d) The compounds are 2-cis-butene and 2-trans-buten

e) glycerol, choline, phosphoric acid and fattydaatan be found during complete hydrolysis of leoit

f) malic acid, oxalacetic acid, ketoglutaric adigmaric acid

g) ¢) is correct since the NADis converted into NADH/H

IChO Halle 1989

a) constitutional isomers:

COOH COOH COOH
COOH
COOH HO,C
1,1 - cyclobutane - 1,2 - cyclobutane - 1,3 - cyclobutane -
dicarboxylic acid dicarboxylic acid dicarboxylic acid

b) stereoisomers

o - 11ICOOH “111ICOOH
- 11ICOOH S ~11COOH
COOH
trans trans cis
c) Diastereomers are |, lll and I, IlI; enantionegpairs are | and II.

d) On loosing water the cis-diastereomer formsctireesponding anhydride according to:

.0
' 11ICOOH HIC
— 0 + H>0
~11ICOOH e
N\
O

e) The trans-diastereomer can be precipitatedaviptically active base.
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f) stereoisomers absolute configuration
| R,R
Il S,S
I R,S
9)
i
//\\v//\\//«\V/Jé?x\V//\\//\\V//\\//N\OH oleic acid
1
NN T T T T T T gy stearic acid
i
WOH palmitic acid

a possible structure of a triacyl glyceride witk fatty acids mentioned is:

0
- - /WW\
H,C—0—C

3

NS S S H,C—OH
S 3NaOH | PN
Hc‘:—ofg/w/\/m\\/\/\/ — > HC‘Z*OH + /\/\/\/\/\/\/\NCOONa
HZC’O’EW H2C*OH COONa

O
” 7 ‘ﬁ
Ri—O—C—R
! Z2 Ri7O~C—Ry, ——> R OH * 0OCR
h) OH" OH

i) It's Co1H43CO0OH

k) an example for a phospholipid is:

0
_ _ /m\
H,C—0—C
-
HCiOiC/W/W\

o
|hc—o—f—0'
OH

I) six molecules of phospholipids can form thedeling possibilities for association:
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SNIPC
o

0 30
04— 30
0H{— 30
O~ 30

O~ 30
O~ 30
o= 30
o~ 30
o~ 30

phospholipid bi-layer
i) The structure of a phospholipid bi-layer is simoabove. Protein (enzymes) also contain such layers

IChO Lodz 1991

b)
(0] H Br Br
H— >_{ J
//—< WH O/ \O // \\ Br—)—g—Br
A B Br

Isopren

CsHg

M = 68 g/mol

€) Z=CgHgO,

There's one double bond per monomer unit.

d) The molar mass of C is 116 g/mol. Z must be a keto aldehyde since there is an aldehyde function and a methyl
group next to the carbonyl-group (haloform-reaction).

o o o)
9 H \ H
I o COH Co/\
/W — O E—
OH o~
c OH | \ |
o) o o)
o E F F
/Wo
Z H

f) There are two isomeric form (all cis or all t&rpossible:

Lmomom] sk

n

all-cis (natural caoutchouc) all-trans
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IChO Lodz 1991
a) A-benzene F-2,2" 55" - tetrachlorobipheny
B - biphenyl G -2,2',5,5' - pentachlorobiphenyl
C - 2-chlorbiphenyl G-2,2', 3,55 - pentachlorobiphenyl

D - 2,2' - dichlorobiphenyl &-2,2', 3,5',6 - pentachlorobiphenyl

E - 2,2',5 - trichlorobiphenyl
For the determination of the halogen of E we cagrsille ratio of the isotopic peaks in the masstspec

For E (n=3) we have: (x+§): X3 + 3x2y + 3xy2 + y3

Therefore, with Br we obtain:  x:iy = 50.54:49.46:1 hence (x+y?) =1+ 3+ 3+ 1 and the ratio would be 1:3:3:1
which is not in agreement with the text. For chierthe isotopic ratio is 75.53:24.471:3 and therefore (x+§): B+
3*32%1 + 3*3*12, which yields to a ratio of 1:1:0.33:0.04. So, ¥xatom is chlorine.

a
a d a a a
O
a
a
=0T =121 b= =321
c)
S
100 300
0 200 400
0 200 400
compound C compound D

d) Due to the increasing steric hindrance as atre$ihe interference of the big Van der Vaalsirad chlorine, the
rotation around the C-C single bond becomes madarare difficult. Therefore racemization is mogely to occur
with G1, less with G2 and least with G3. This kafdsomerism is called atropisomerism:

e)
|
a l a
a ! cl
R =
cl | cl
d o d «d
1
f) - Complete combustion in chemical incineratquipped with an afterburner and scrubber

- Addition of a strong base to obtain correspogdgihenols
- Transformation into ArOH by OH-radicals in water
- Bacteria metabolizing polychlorobiphenyls
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IChO Paris 1990

a)
Cl Cl Cl Cl Cl
Clp, AlClg Br, Fe Mg in Et,0 €Oy, Hz0" CHaNz
—> — — — —>
Br MgBr COOH H3C\O/C§O
b)
0 ~° ow [ Hy0* 1 PClg [
HO o~ HO -~~~ o~
(e OH Cl
c)
Cl
Cl
cl Cl
/
/\MgBr HBr NH
Peroxide C
c ¢ |
H,C— ~ - C= OH
3*T0 o) XN OH N
OH N o]
Br Br \
H
mechanism of the Grignard reaction:
e O"Mg*Br
o. > 4 O ) MgBr g
oﬁ/ . MgBr BrMg*O \’/\> \K\ - g
> s w
R R R R

H3CO MgBr

d)
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F
F
ﬁ AIClg
CIW + P
Cl
= Cl
O/

R% + AICl3 — Rf/ +  AlCl,”
Cl
Ry R
N [@
O o/
R+ F — —
+
F F

e) chemical test: carbonyl groups react with phgygiazines to phenylhydrazons with a sharp, spp&fimelting point
physical test: IR-absorption at 1740%m

A possibility to distinguish between ketones andehides is the Tollens-test (silver mirror), ke®ean't be reduced
whereas aldehydes easily oxidize the silver iorelémentary silver.

f)

Cl

=
!
H Cl
Haloperidol
9)
1 3 | proton 1: singulet
HOWOE" proton 2: triplet
2 4 proton 3: quintuplet

proton 4: triplet
proton 5: singulet

I ChO Pittsburgh 1992

a) Structures of compounds A-F
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_~_O. /(j
A~-OH 0 Br
OCH;4
0.0

F

OCH; OCH,
OH OH

C
A D
| _~_-OH
F
o
oH B OCH;
OCH

OH 3

E F

b) There are no geometric isomers, but 2 pairqiahtomers (diastereomers). The structure andiduh&r projection is

shown below.

CH,OH : CH,OH CH,OH
I
5 : R
H—T—Br © Br——H H—>—Br
S : R R
Br——H ; H—+—Br H—1—Br
X : 7 x
P :
OCH; | H,cO™ 7
OH ; OH OH

I ChO Pittsburgh 1992

a)

OH

Br

Br

Br

OCH;

CH,OH
Br——H

Br——H

H5CO
OH

b) There are two possible carbocations that maw fapon elimination of water and rearrangement. &Sthe tertiary
carbocation is more stable than the primary carimtdhe greatest proportion of the bromide woutdtle tertiary

bromide:
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R ut R\
>=\—OH / _\—OHZ*

R

\

L

/\
ﬁ\‘—h h

v

IChO Pittsburgh 1991

The products of the reactions are listed below:

a) CH3;COONa +\/\/Y

OH

b) cHI, + WcooNa V\/\K

OH

HO  CH,CHj

o} 0 0 o} o}
K (ﬁ )j\ )J\)l )j\/u\/o
=

3 A

OH
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Br OH OH

(iv) Br Br CH3 CHg (vi)
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IChO Peruggia 93

NaCH(COOEt)Z COOEt a) KOH
. e e,
COOEt b)AcOH COOH
A B
L|A|H4 )\/\ a) TsCI/Py a) MeMgl M
OH b) NaCN/DMSO CN b) NH4C|
C D E
; G 0

IChO Peruggia 93

P =0 -k

CH3

c¢) Due to the chirality of the hydroborating agemte enantiomer prevails against the other.

6. Biochemistry

ICHO Leiden 1986
a) 5 - pTpApGpCpT pC
b) The probability of the sequence given is (@/4) 1/4096. Thus, this specific sequence may ocouthé DNA

109/4096 = 24.4 times on average.
c) The sequence recognized by Taq | is 2 base, pladtsis 4 bases.
d) The sequence is5'- pTpPCpGpA - 3' or 5' - pGpgp - 3'

e)

5'- ATCGAT - 3'
3'-TAGCTA - 5'

5'- CGAT AT -3
3'-TA TAGC - %'
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f) The reaction has a positive enthalpy, sincehy@rogen bonds between the bases G and C in thplemmntary
strands are broken.

g) The two relations show the same dependencenopetature. Therefore, the enthalpy of the two feastis roughly
the same. Then the interaction of the double helist be identical and therefore we must choose T@B#e first
recognition sequence of question d). The cleavagee two cases mentioned in d) occurs as follows:

Clal: 5' - pApTpCpGpApT - 3'
3' - pTpApPGpCpTpA - 5'

Taq I 5 -pTpCpGpA -3
3' - pApGpCpT - 5

h) The following curve would be obtained

A

Taqgl

Clal

"% of limear DNA

T (K)

A\ 4

I) AH is negative.
k) Low temperature, low DNA concentration and highic strength will give the maximum percentageaefombinant

molecules.

ICHO Paris 1990

a) There are four isomers. The catalytic deutematia syn deuteration
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DD CoOo-
D
D
l oo H———D
H /\\H —_— —> R, F
\/ H — D H
CO0-
Ccoo- Cog 00.
COO- thre
coo- DD
H\\/\H H D
ICOOT , R . ]
S, ¢
b - 00C :
D H }; CoO-
DD coo- _
D
D
l H D H
H /\\coo- - —» b H R, €
ﬁ H coo-
H COO- COO0- I
erytt
DD COoOo- y
H
H \/\\coo H D
Tcoo > —> S, F
H D
b P - 0oc
) HH COoOo- I\

The most stable conformation for succinates isai form, since the distance between the bulky €E@foups is
maximal:

Coo coo coo
H D D H H D
H D D H D H
| | 11
Ccoo coo Coo

I and Il are enantiomeres, Il and Ill are a mesmnisre, thus there are in total three isomers (tmantomers and one
meso form). Each threo and the meso form are desteers.

b) Considering the Newman projections of the thseeners it is clear that syn elimination of | andéelads either to
fumarate containing no D or to dideuterated funsfgercentage of dideuterated fumarate is thus 508€yeas anti
elimination leads to monodeuterated fumarate. Qumirng the experiment 4% of dideuterated fumaratécites that
anti elimination occurs. Syn - elimination of theesn-form only leads to monodeuterated fumarate,reetse anti-
elimination gives 50 % normal and 50% dideuterdtedarate. This is in accordance with the experimérere 48.5%
of dideuterated fumarate are obtained after endgrdahydrogenation of the meso isomer formed froatem acid.

d) The enzymatic dehydrogenation is a anti eliniimaas shown above.



