2003/2004 6a keemiaolimpiaadi I6ppvooru Ulesannete lahendused

9. klass
1.a)i) A - S%, sulfiidioon, 18e’ i) 16S, vaavel
B - Ar, argoon, 18e’ 18Ar, argoon
C - Ca**, kaltsiumioon, 18e” -0Ca, kaltsium
D - CI, kloriidioon, 18e” 17Cl, kloor
E - K*, kaaliumioon, 18e” 10K, kaalium

b) CaS, kaltsiumsulfiid, ei lahustu vees (neutraalne)

K,S, kaaliumsulfiid, aluseline

CacCl,, kaltsiumkloriid, neutraalne

KCI, kaaliumkloriid, neutraalne

c)i) Ca** + S* = CaS (iihend X)
i) CaCl, + Na,CO3; = CaCO; (Uhend Q) + 2NaCl
lii) 2CaS + 30, = 2Ca0 (uhend Z) + 2S0, (ihend Y)

d) M(Y) = 29,0 g/mol x2,21 = 64,1 g/mol

M(SO,) = 32,1 + 2 x16,0 = 64,1 g/mol

M(Z) = 56,1 g/mol

M(CaO) = 40,1 + 16,0 = 56,1 g/mol

2.a)l 0%
CaCO; = CaO + CO,-
Il CaCO; + 2HCI = CaCl, + CO, - + H,0O
b) m(CaCOs3) = 1,00 kg x0,90 =900 g

900g m(max)
| CaCO; U CO,
100 g/mol 44 g/mol
m(CO,,max) = 00 QXiOLO(;IMA g/mol= 396 g » 400 g
Il Arvutame soolhappele vastava CaCO; massi
m 171,6 cm®4,139 g/cm>0,28
CaCO, U 2HCI
100 g/mol 36,5 g/mol
m(CaCQO;) = %&716 cm?®x1139 g/ cm? @,28%&00 g/mol= 75¢g

CaCO; on liias. Arvutused tuleb teha HCI jargi.

171,6 cm>4,139 g/cm®0,28 V
2HCI U CO,
36,5 g/mol 22,4 dm*/mol



1 1 mol
V(CO,) = E><1716 cm?® %1139 g/cm? >o,28xﬁ><22,4 dm?® /mol =

16,79 dm?® » 17 dm?
2779

c) | %(saagis) = %xloo =69,9» 70
3
Il %(saagis) = %xloo =80

d) C+ 02 = C02
Fe,O; + 3CO = 2Fe + 3CO,
CH, + 20, = CO, + 2H,0

3. a) |) CaC03 + H2804 = CaSO4_ + Hzo + COz'
Al,O3; + 3H,SO, = Al,(SO,); + 3H,0
SiO, vaavelhappega ei reageeri.

||) CaCO;g + 2HCI = CaC|2 + Hzo + COZ'
A|203 + 6HCI = 2A|C|3 + 3H20
SiO, soolhappega ei reageeri.
iil) CaCO; + 2HF = CaF, + CO,- +H,0
A|203 + 6HF = 2A|F3 + 3H20
S|02 + 6HF = H28|F6 + 2H20
b) Ahi laks pdlema ja hunt pdgenes.
C+ 02 = C02

4. a) A - NaNO;, tSiili salpeeter, pdllumajandus.
B - KNOg3, india salpeeter, musta pussirohu p6hikomponent.

b) X - 3¢Fe, raud
Y - Z2IAl, alumiinium
Z - *¥Ba, baarium
c)i) Fe + H,SO, =FeSO, + H,-
i) 2Al + 3H,SO,; = Aly(SO4)s + 3H,-

d) Kontsentreeritud vaavel- ja lammastikhappega reageerimisel
moodustub raua ja alumiiniumi pinnale mittelahustuv hapetega

mittereageeriv kaitsekile.

5.a) A - O, hapnik X - K,;MnQO,, kaaliummanganaat
B - H,, vesinik Y - H,0, vesi
D - CO,, susinikdioksiid Z - Fe30y,, raud(ll,llNoksiid
E - CO, susinikmonooksiid Q - C, susi, grafiit
b) i) Ot

ZKMnO4 = 02' + |\/|n02 + KzMnO4
||) Zn + 2HCI = ZnC|2 + H2'



%%t

iii) 3Fe + 4H,0 = Fe;0,4 + 4H,-
iV) 2H2 + 02 = 2H20
V) C+ 02 = C02

0.

t
vi) CuO + H, =Cu + H,0
vii) Fe;0,4 + 4CO = 3Fe + 4CO,

215

‘ciyo = =
6.110 °C 1) %(KNO3) = 5-2x400 =177
O 241
20 "C ii) L(KNO,) = 759700 9= 31,8¢g
30 °C i) %(KNO3) = %X.LOO =315
i) L(KNO3) = %&oo g=46,0g
40 °C i) %(KNO3) = %xloo =392 ¢
ii) L(KNO3) = %Xloo g =645
0~ : _ 344 _
50°C |) %(KNOg) = mX.LOO— 46,2 g
i) L(KNO,) = %aoo g=86,0g

Il m(KNO3,kuumas) - m(KNO3,jahedas) = m(KNO;,puhas)
Umberkristalliseerimisel vee mass ei muutu.
100 g (H,0) U 110 g (KNO,)
Kuumas lahuses
100 g

m(H,O) =100 g (KNO;3)><llg 3 (KNO ) =909¢
_ _110¢g __ 2159 -
M(KNO3,puhas) = 100 g (H,0) x90,9 g (H,0) 100 g (H,0) x909 g (H,0)

=100g-1959=80,5g»81g
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10. klass
1. a) A - CH;0OH, metanool F - H,0, vesi
B - CO, susinikmonooksiid X - CgH1,0g, glikoos
C - H,, vesinik Y - C1,H,,044, sahharoos
D - C,H;0H, etanool Z - CgH4,0¢, fruktoos

E - CO,, susinikdioksiid
p, katalUsaator
b) |) CO + 2H2 = CHgoH
i) 2H2 + 02 = 2H20
iii) 2CO + O, = 2C0O,
hx
iv) 6C02 + 6H20 = C6H1206 + 602'
k&arimine
V) C6H1206 = 2C2H5OH + ZCOZ'
vi) C1oH20011 + H,O =CgH;150s +  CgH1206
glikoos fruktoos

2. a) 2 -1l \Y,

1(2C3H;0O3N) + 11H,S04 = (NH,4),SO, + 6CO,- + 10S0O, + 14H,0
Esmalt tasakaalustame lAmmastiku aatomite arvu vasakul ja paremal

2
28

3 288
2C,-20e =23 C 1
VI \V

S+2e =S 10

b) i) (NH,),SO, + 2KOH = K,SO, + 2NH3H,0
0
t
iy NHeH,0 = NHs- + H,0
iii) NHs + HCI = NH,ClI

¢) c(NaOH) = ld%dem?’ 29999 4 004%™ = 0,100 mol/dm® = 0,100 M

dm 40,0g
c(HCI, A) = %&O,Ocm3 X0.1M xﬁ = 0,100 M
,UCm

d) c(HCI, B) = %le,O em?® 0.1 Mxm = 0,024 M

e) n(seriin) U n(NH;) U n(HCI)
n(NH;) = 0,05 dm?® x0,1 mol/dm?® - 0,1 dm?® x0,024 mol/dm® = 0,0026 mol
M(C3H;O3N) = 105 g/mol
m(seriin) = 0,0026 mol x105 g/mol = 0,273 g

%(seriin) = 8’2329 X100= 54,6
g

3.a) X - P, fosfor C - H3;PO,, ortofosforhape



Y - S, vaavel

D - H,SO,, vaavelhape
A - PHs, fosfiin, 34 g/mol

E - P,O,, tetrafosfordekaoksiid,

14 aatomit molekulis
F - SO, vaaveltrioksiid,
4 aatomit molekulis

B - H,S, divesiniksulfiid, 34 g/mol

b) i) 3PH; + 8HNO; = 3H;PO, + 8NO + 4H,0
-FI>I - 8¢ = ﬁ;

N + 3¢ = N

3
8

i) 3H,S + 8HNO;3; = 3H,SO,4 + 8NO + 4H,0
S- 8¢ =S ‘ 3
N +3e = N 8
iii) P40]_0 + 6H20 = 4H3PO4
iv) SOS + Hzo = H2804

HNO, U NO
63,0 g/mol 22,4 dm®mol
3
V(NO) = LaL xlooﬂxl,:as? glem?® ><0,640>m><22,4dm3/mol =
1 1L 63,09
= 315,6 dm® » 316 dm®

4. a) C6H1206 + 602 = 6C02 + 6H20
b) DH.(glikoos) = [6 mol x(-393,5 kJ/mol) + 6 mol x(-285, 8 kJ/mol) -

-1 mol x(-1268 kJ/mol] xmiol = 2808 kJ/mol

c) Energia(siida) = 1,00 J/166k x365 paeva Xs;lef:/ AGO:NH

=3,6840J

X70 166ki / min=

.. _ 7 1 mol _ _
m(glukoos) = 3,684.0 Jxmnsg g/mol =2358g =2,36 kg

. ~ _ b6 3
d) N(hingetBmme) = 223589 xumol /180g 25.4dm’ /mol x 30,05 /]/

0.5dn? = 79900 ~
~ 80000

5. @) i) 2KMnO,4 + 16HCI = 2KCl + 2MnCl, + 5Cl, + 8H,0

Mn + 5" = Mn 2

2%-1) 2%
2Cl -2e = Cl, 5
70-80 °C
i) 3Cl, + 6BKOH = 5KCI + 1KCIO; + 3H,0
Cl - 1e = CI

v 0
Cl + 5e” = Cl



MnO»
iii)2KCIO; = 2KCI + 30,

b)i) 25,80 9-22,43¢9 m
30, U 2KCIO;
32 g/mol 122,5 g/mol

m(KCIO3)= §><3,37 gxlgzlglxlzz,s g/mol = 8,60 g

i) m(KCl) =25,809g-8,60g=17,20¢
C) m 27,359
KCl U AgCl
74,56 g/mol  143,5 g/mol

m(KCl) = %>Q7,35 g mol X74,56 g/ mol = 14,21 g

e MOt
143,59
d) Sm(KCIl)=17,20 + 14,21 =31,41 g
m 31,41¢
1KCIlO, U 5KCI
122,5 g/mol 74,56 g/mol

Sm(KCIOs) = %@lﬂg%&ZZSg/md =10,32 g

m(KClO3,2) =10,329g-8,60g=1,72¢g
e) m(H,0) =65,909-14,219-1,729=49,97¢g

) L(KCI) = 14,21 g x——x100 = 28,44 g

4997
y _ 1 _
i) L(KCIO3)=1,72¢ xwxmo =3,44¢
6. a) A - CO,, susinikdioksiid Z - BaSO,, baariumsulfaat
B - SO;, vaaveltrioksiid P - PbCOg3;, pliikarbonaat
C - H,S, divesiniksulfiid Q - PbSO,, pliisulfaat

X - MgCQO3;, magneesiumkarbonaat R - PbS, pliisulfiid
Y - BaCOg;, baariumkarbonaat

b) i) CO, + 2KOH = K,CO3; + H,O
i) SOg + 2KOH = KzSO4 + Hzo
iii) st + 2KOH = K25 + 2H20
iv) MgCIZ + K2C03 = MgC03_ + 2KCI
V) BaC|2 + K2C03 = BaC03_ + 2KCl
Vi) BaC|2 + K2804 = BaSO4_ + 2KClI
vii) Pb(NO3)2 + K2C03 = PbCOg_ + 2KN03
viii) Pb(NO3)2 + K2804 = PbSO4_ + 2KN03
iX) Pb(N03)2 + Kzs =PbS + 2KN03

0i) V 31,24 g



CO, U K,CO; U MgCO;
24,0 dm*/mol 84,32 g/mol

V(C02)=%><11,24gx£><3><24,0dm3/mol =0,1333 mol8:24,0 dm*/mol=9,60 dm?
g

i) m(BaCO,) = %xo,1333mol x1973gimol = 26,30 g

m(BaS0,) = 119,9g- 26,3 g =93,6 g
3:03,6 g Vv

BaSO, U SO

233,4 g/mol 24,0 dm®*mol

V(SO,) = %@3,69%8&4,0dm3/mol = 0,401molx3x24.0 dm3mol =

=28.9 dm?

iii) mM(PbCOy) = % x0,1333 mol x267,2 g/mol = 35,62 g

m(PbSO,) = % x0,401 mol x303,3 g/mol = 121,6 g

m(PbS) = 171,2 g- 35,62 g - 121,6 g = 14,0 g
344,0¢g \%
PbS U H,S
239,2 g/mol 24,0 dm®mol

1mol

V(H,S) = }ﬂ4,0g><—>G>Q4,0 dm?*/mol = 4,21 dm?
1 9.2g
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11. klass
1.a) A - H,, vesinik G - P4, valge fosfor
B - Cl,, kloor H - PClI;, fosfortrikloriid
C - HCI, vesinikkloriid | - PCls, fosforpentakloriid
D - F,, fluor J - Sb, antimon
E - HF, vesinikfluoriid K - SbCls, antimon(V)kloriid

F - H,SiFg, heksafluororanihape L - H3PO,, ortofosforhape
b) i) H, + Cl, = 2HCI

||) H2 + F2 = 2HF

Ii) 6HF + SiO, = H,SiFg + 2H,0

iV) P4 + 6C|2 = 4PC|3

V) P4 + 1OC|2 = 4PC|5

vi) 2Sb + 5Cl, = 2SbCls

V||) PC|5 + 4H20 = 5HCI + H3PO4

2.a)
A - N,, [ammastik E - HN3;, lammastikvesinikhape,
B - NH3;, ammoniaak vesiniktrinitriid, vesinikasiid
C - H,N- NH,, hudrasiin F - NaNH,, naatriumamiid
D - HNO,, lammastikushape G - H,, vesinik
X - NaNs;, naatriumasiid
b) i) p.’t

N2 + 3H2 = 2NH3
ii) 2NH; + NaClO = H,N- NH, + NaCl + H,0
|||) H2N' NH2 + HN02 = HN3 + 2H20
iV) 2NH3 + 2Na = 2NaNH2 + H2'
V) NaNH2 + Nzo = NaN3 + Hzo
V|) 2HN3 + 2Na = 2NaN3 + H2

3. a) C12H22011 + 1202 = 12C02 + 11H20 (V)
i) DH°=DH? (C1,H2,041) = 11 mol x(-286 kJ/mol) + 12 mol ¥-394 kJ/mol) -
1

- 1 mol x(-2222 ky/mol) b -5652 kJ %= = -5652 k/mol
ii) DS = 11 mol x70—>— + 12 mol x214—>— - 12 mol X205 —>— -
K xmol K xmol K>mol

-1 mol x360—>— =518 J/K
K >mol

iii) T = 36,85 °C + 273,15 °C = 310,00 K
DG =DGC(C12H22011)= -5652 kJ - 310 K ><0,518 kJ/K=

5652 kJ -160,58 kb » -5813 kJ "r%: 5813 kJ/mol



f)

b) n(peptiidsidemed) = 5813 kJ x0,4 % » 137 mol
Tahelepanu: Sahharoosi oksudeerumisel vabaneb, kuid peptiidsidemete

stinteesil neeldub energia.

. a) Pt, %t

CsHg + Hy = C4Hypo
56 g/mol 2 g/mol
b) n(C4Hg) x56 g/mol + [2 mol - n(C,4Hg)] x2 g/mol = 2,5 x17 g/mol X2 mol
N(C4Hs) = 85 n;c:sl : ;mol
n(H,) =2 mol - 1,5 mol = 0,5 mol
c) Kui reageerib y vesinikku, siis
n(H,,I6pus) = 0,5 mol -y
N(C4Hs,I0pus) = 1,5 mol -y
N(C4Hy0,l0pus) =y
0,5mol-y+15mol-y+y=2,0mol(1-0,2)

=1,5 mol

y = 0,4 mol
%(saagis) = 100, kui reageerib &ra kogu vesinik
%(saagis) = 8’2 22: X100 = 80

)
V= en ]

Et reaktsioonindu maht on 1 dm3, siis kontsentratsioon on vordne aine

hulgaga.
K=-2% _36dm¥mol
Coo1d1 Y

e) n(C,Hg) x56 g/mol + [2 mol - n'(C4Hs)] x2 g/mol = 347 g/mol x2 mol
n'(C,Hg) = 1,81 mol
n' (H,) =2 mol - 1,81 mol = 0,19 mol
Kui reageerib x vesinikku, siis
X
 (181- X) X019~ X)
3,6x° - 8,2x +1,238 =0
X1 = 0,16
X, = 2,11 ei sobi, sest vesinikku on 0,19 mol
Sn' (I6pus) = (1,81-0,16) + (0,19-0,16) + 0,16 = 1,84 mol
Ro6hk ja hulk on omavahel vordelises soltuvuses.

2mol -1,84 mol «00% » 8%
2 mol

Dp =

— tsiiklobutaan A — metudltstiklopropaan




/Lk— metlllpropeen W — 1-buteen

W N H
>:< — trans-2-buteen >:< —  cis-2-buteen
H

5.a)i)) _~"~_~ +Br, = Br~ >\ + HBr

Br
i) _~_— *+ Br, = )\/ + HBr
b) C,Hg 12014 C,H; 12(14)
80Br CH,12(3) 123) H,C Br 80
R S
c)E DH? (lihtained)

DH? (1-bromobutaan)
DH? (2-bromobutaan)
DHY (N-C4Hy0)

d) n(1-bromobutaan) = 1,6 mol x0,375 = 0,6 mol

n(2-bromobutaan) = 1,6 mol - 0,6 mol = 1,0 mol

1 mol xDH(2-bromobutaan) + 0,6 mol X[DH(2-bromobutaan) +4kJ/mol]=

= 16,8 kJ

DH(2-bromobutaan) = 9,0 kJ/mol

DH(1-bromobutaan) = 9,0 kJ/mol + 4,0 kJ/mol = 13,0 kJ/mol
e)17,2kJ-16,8kJ=0,4kJ

Dn = 0,4 k3 =12 = 0,1 mol

n(1-bromobutaan) = 0,6 mol + 0,1 mol = 0,7 mol

0.7m0l 1 00= 43,75 » 40
1,6 mol

%mol(1-bromobutaan) =

6. a) M(X) = 29,0 g/mol x7,93 = 230 g/mol

~ 230 ¢ , 1lmol
b) n(C) U n(CO,) b 2,65 x3,10 dm Xm =12 mol
- 230 ¢ 1mol _ _
n(H) U 2n(H,O) b 2,659 2,28 gmeZ =22 mol

m(0)=230 g - 12 mol x12 g/mol - 22 mol x1 g/mol=230g-144g-22g=64¢



1 mol
n(O) = 64gxm =4 mol

Aine X brutovalem on C4,H,,0,

C,HO, (aine C) — = HO\H/\ + Co,

O
Aine C oli hargnenud ahelaga hape, mis dekarboksuleerus. Jarelikult saab
see olla dihape, sest tekkis propaanhape.

H OH

0
H || aine C
O O
Aine B on jarelikult dihappe sool

NaO Na

0
|| || aine B
O O
Aine X andis leelise toimel tertsiaarse alkoholi ja happe soola. Soola B
aniooni brutovalem on C,H,0,. Ainest X jaab jargi brutovalem CgH,s. Et aine
X on dihappe ester, siis alkoholi alkttlrihma brutovalem on C4Hg, mis vastab
tert-alktdlrihmale.

%OH aine A

>< || || aine X
O @)
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12. klass

1. Ratsionaalne on lahtuda tapselt 1 liitrist dllest.

AN A g 9889 _
Mass(6lU) = 1 liiter xm =988¢

V(alc) = 1 liiter x0,074 = 74 cm®
M.ss(alc) = 74 cm® x0,791 glcm® = 58,53 g » 599
M.<.(H,0) = 988 g— 59 g = 929 g

m(alc) = 59 g M1
469 0,929kg
DT=59gxiM 1 486K =557k »2,6K
469 0,929kg mol
Markus: Olles on ka muid lisandeid, mistdttu véib DT vaartust Umardada
ulespoole.

T=0°C-DT=-2,6°C

2. a) Cngg(V) + 12,502(9) = 8C02(g) + 9H20(V)
b) DH? (CaHic) = [8%-393,5 k) + 9%-285,8 kJ) — (-249,9 kJ)Jx- . =

= -5470,3 kJ/mol
c) 1000 K298 K=702 K
DHI® “(CgHyg) = -5470,3 kJ/mol + (9%40,7) kd/mol — 41,5 kd/mol +

+702 %(0,0753>9 + 0,0371:8-0,029422,5-0,1878) kd/mol =

=-4851,2 kJ/mol
J

d) i) bu?(oktaan) =-5470,3 kJ/mol — (8-12,5) mol>8,314K o ®98 K x
x K = 54592 kd/mol
1000J
1) DUX® *(oktaan) = -4851,2 kJ/mol — (17-13,5)8,314 " >:t]nol X000 Kx
x 1K~ 4880,3 kd/mol
1000J
12(3)
12(14)
) i) /\/L/ D <
12(14) | 12(25)
12(3)
R S
|
3. a) 6:2x%-) 12X-11)
E-12e-=E
64l 6%

B+12e =B



_ 12;12 _4
b) A B C D E F G H I J
H C N @) S Cl K Fe Sn |

¢) 1) FeCls + 6(NH,),S, + 6KCN = K3[Fe(SCN)s] + 6(NH,),S + 3KCl
2) 2K3[Fe(SCN)e] + SNCl, + 2KCl = SnCl, + 2K,[Fe(SCN)e]
3) 10 K3[Fe(SCN)] + 72KIO; + 24H,0 + 6H,S0, = 51K,SO0, + 60HCN+
+ 361, + 5Fe,(S0,)s

d) 2 Ks[Fe(SCN)s] + 32HNO; + 8H,0 = 3K,SO, + 1Fe,(SO,); +
+ 6(NH,),SO, + 12CO, + 32NO

6%-11) 61

6S — 48e = 6S 1

\Y} I X 2, sest 1 Fe ei saa Fe,(SO,), moodustada
N+3e =N 16

e) i) kaaliumheksatiotstianaatoferraat(lIl)
Ks[Fe(SCN)s] == 3K* + [Fe(SCN)s]*
Ii) ammooniumdisulfiid
(NH4):S, == 2NH; + S
i) kaaliumheksatiotstanaatoferraat(ll)
K4[Fe(SCN)s] == 4K* + [Fe(SCN)e]*

4.a) i) ZnS + 2HCI = ZnCl, + H,S-
ZnCO, + 2HCI = ZnCl, + H,0 + CO,-
||) 2KMn04 + 5H28 + 3H2804 = KzSO4 + 2MnSO4 +5S + 8H20
i) 2KMnO, + 5H,C,0, +3H,S0, = K,SO, + 2MnS0O, + 10CO, + 8H,0
0

iv) ZnCOs = ZnO + CO,-
Zn0O + S|02 = ZnS|03

b) i) n(ZnS) U n(H,S) U %n(KMnO4,aIguI) —n(H,C,0,)

n(Zns) = %@,9300 mol/dm? x0,05009 dm® —

-0,5070 mol/dm>%9,03246 dm* = 0,1000 mol

%(ZnS) = 0,1000 Moba7,46 g/mol x — éog 400 = 81,21

i) N(ZnCO3) U n(CO,)
n(ZnCO3) = 1,32 g x

1mol .~ 6.0300 mol
44,01g

x100 = 7,84

9%(ZnCO3) = 0,0300 mol x125,4 g/mol x—
48,00
i) %(Si0,) = 100 — 7,84 — 81,21 = 10,95



CHCI, CH=CHCHO

5.a)i) [0
Cl,, Ot H 0,100 °C CH CHO
NaOH

Jasperi skeem

CH,MgBr CH,Br

i)
BrNBS
CH=CHCHO CH,CH(OH)CHO
Ot 1ekv.D
<—— OHC—CHO
X
CHO

Kauri skeem

b) Ph
) Ph CHO

\—/

trans-isomeer cis-isomeer

6. a) 0,413 K = 1,86 K>*g/mol x2 g/M(ihend C) x1/0,1 kg
M(thend C) = 1,86 Kxkg/mol x2 g x1/0,1 kg x1/0,413 K = 90,1 g/mol

n(C) = 90,1 g x0,533 xllr;;' = 4 mol

n(H) = 90,1 g x0,112 xlTO' = 10 mol
g

n(0) = 90,1 g x(1 — 0,533 0,112) xllrg;' = 2 mol
Uhend C on C4H;,0,
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