2005/2006 6a keemiaolimpiaadi piirkonnavooru
ulesannete lahendused

8. klass

1. @) i) Segud on soolvesi ja viin, ii) lihntained on hapnik ja teemant, iii) liitained on
veeaur, C—vitamiin, jaa, soogisooda, susihappegaas ja vesi.
b) Keemistemperatuur, lahustuvus, sulamistemperatuur ja tihedus.
c) i) 1250 m = 1,25 km, ii) 32 cm® = 0,032 dm?®, iii) 1,00 kg/dm® = 1,00 g/cm®,
iv) 1250 kg/m® = 1,25 g/cm®, v) 10000 mm = 10 m.

2. a) i) 2H, + O, = 2H,0
II) C+ 02 = C02
iii) C,HsOH + 30, = 2CO, + 3H,0
iV) 203H303 + 702 = 6C02 + 8H20
V) C12H22011 + 1202 = 12C02 + 11H20
Vl) C6H1206 + 602 = 6C02 + 6H20

b)i)x=(”4/#=18

_ (2~1103/2)—5 ~as

i) C3Hs03(0OC1gH35)3 < Cs7H11006

3. a) i) A - H,0, vesi, kilmub madalal temperatuuril
ii) X — O,, hapnik, on oksudeerija
iii) B — CO,, susinikdioksiid, neeldub NaOH lahuses
iv) Y — N,, lammastik, ei reageeri vesilahustes
b) i) m(proov) = 3,08 dm® - 0,948 g/dm® = 2,92 g
0 = 0219 400
%o(H20) 2924 100=7,2
ii)m(0,)=2929g-0,219-2,54=0.17¢
%(0,) = 0179 400 = 5.8
2,929

iii) m(CO,) = 2,54 g— 1,959 = 0,59 g
%(CO,) = %-10% 20

iv) m(N,) = 1,56 dm® - 1,25 g/dm® = 1,95 g
%(N5) = 12’3—22.100 = 66.8

4. Graafiku joonistamine: iga kbvera eest 1 p, kokku 3 p
a) HgCl; lahustuvus temperatuuri tdusuga kasvab kdikides lahustites.
b) Vaikseim on lahustuvus vees.
c) i) etanoolis L(HgCl,, 5°C) = 44+1 g
L(HgCl,, 55 °C) = 67+2 g
ii) metanoolis L(HgCl,, 5°C) = 30+2 g
L(HgCl,, 55 °C) = 16342 g



d) m(HgCl,) =13 g -

e) L(HgCl;) =12,5g -

409
100 g

100g _
25¢

i) etanoolis ° = 30 °C
ii) metanoolis % = 19+2 °C

Iga lahtri dige taitmine
Vesiniku mdlema alternatiivse kirjutusviisi eest kokku 1 p

529

50¢

a0,2p

Isotoop Alternatiivne | Prootonite | Neutronite | Massiarv | Elektronide
Kirjutusviis arv arv arv
Prootium H-1; 1H 1 0 1 1
Deuteerium H-2; 2H 1 1 2 1
Triitium H-3: 3H 1 2 3 1
‘32U U-235 92 143 235 92
-127 127 53 74 127 53
-125 122 53 72 125 53
-131 3 53 78 131 53
Cl-35 %l 17 18 35 17

6. a) 2CH,0O, + 150, = 12H,0 + 10CO,
x=10/2=5
y=(12-2)/2 =12
z=(12+10-2-15-2)/12 =1
Amuulalkoholi valem on CsH4,0

b) N(C)=14-0,286 = 4
N(H)=14-0,571=8
N(O)=14-4-8=2
Etuulatsetaadi valem on C4HgO,

C) C4H802 + HQO = C2H60 + CXHyOZ
XxX=4-2=2
y=8+2-6=4
z=2+1-1=2
Azdikhappe valem on C,H40,

d) CsH,O0 + CoH,0, = H,O + CXHyOZ
XxX=5+2=7
y=12+4-2=14
z=1+2-1=2
Amuulatsetaadi valem on C;H.40;



2005/2006 6a keemiaolumpiaadi piirkonnavooru
ulesannete lahendused
9. klass

1. a) i) 1,20 g/dm?® = 1,20 kg/m?, ii) 0,5 mmol/ml = 0,0005 mol/cm® ehk 5-10* mol/cm?,
iii) 0,0250 cm™ = 2,50 m™, iv) 1500 h = 5400000 s ehk 5,4-10° s, v) 200 kg/kmol = 0,200

g/mmol ehk 2,00-10™ g/mmol.
b) i) happeline, ii) aluseline, iii) neutraalne, iv) aluseline, v) neutraalne, vi) neutraalne.

C) I) 2Na,S0O; + O, = 2Na,S0O, Jah
iif) Ca(OH), + CO, = CaCO3 + H,O  jah
voi Ca(OH), + 2C0O,= Ca(HCO3), jah 4p + 0,5p, kui kéik "jah" +"ei" on Giged
iii) 2H, + O, = 2H,0 el
iV) P4010 + 6H20 = 4H3PO4 jah
2. a) i) m(glukoos) =750 g 0,078 =58,5g~59 g
L S 1 N
i) m(viinamarjad) = 1 kg 0078 12,8 kg = 13 kg 3p
iii) m(viinamarjad) = 1 kg - (1-0.170)- 1_01731 = 3,085 kg ~ 3.09 kg

iv) Lahtume esialgsest tervikust — tapselt 100 g viinamarjadest. ~
m(mittelenduvaid) = 100 g- (1 -0,731) =26,9¢

m(rosinaid) = 26,9 - —_ =324¢

1-0,170 .

m(H,0, viinamarjades) =100g - 0,731 =73,1g 4p

m(H,0, lendunud) =100g-32,49g=67,6 g
67,69

b) C-H,0O
Susi vesi(k)

¢) M(C-H,0) = 30 n= L}ﬁ =6 (C-Hy0)s = CeH1206

3. a) i) Uhend Q — HCN on hape, } 0,5p

ii) Kdige kergem hudroksiid on LiIOH. M,(LiOH) = 23.95
Taimede kolmeks toiteelemendiks on N, P ja K. 2p
M, (hudroksiid elemendist A) = 23.95- 2,34 = 56

b) i) A — K, kaalium

B — N, lammastik
D - C, susinik
ii) X — KCN, kaaliumtsuaniid
Y — HNO3;, lammastikhape
Z — H,CO3, susihape
Q - HCN, vesiniktstianiid
c) i) H,CO3; + 2NaOH = Na,CO3; + 2H,0
ii) H.CO3; + NaOH = NaHCO3; + H,0O



d) Teemant — kdige tugevam looduslik aine, grafiit — vaga pehme, kasutatakse
maardeainena. Kévadus

4. a) i) Ge — on haruldane metall, mis avastati alles 19. sajandi teisel poolel. Pb on
murgine ega sobi toiduainete sailitamiseks.
X on Sn (tina), mida kasutatakse konservikarpide pleki kattematerjalina ja
stannioolina (tinapaberina).
i) Il ja IV
b) I) 02, F2 ja C|2
ii) Vaga suure aktiivsuse t6ttu on F, kasutamine vahetbenaoline.
M(Cl,) = 70,91 g/mol

M,(SnCls) = 260,5 g/mol % =367  A-Cly, kloor

c) Y — SnCly, tina(IV)kloriid
E — Sn(OH),, tina(lV)hadroksiid
B — HCI, vesinikkloriid
Z — SnCly, tina(ll)kloriid
Q - FeCls, raud(ll)kloriid
R - FeCly, raud(ll)kloriid
d) i) Sn + 2Cl, = SnCl,
if) SnCl, + 4H,0 = Sn(OH), + 4HCI
iii) 2HCIl + Sn = SnCl, + H;
iv) SnCl, + 2FeCl; = SnCl, + 2FeCl;

5. a) i) 2Na + 2H,0 = 2NaOH + H,
II) Na,O, + 2H,O = 2NaOH + H,0,
b) n(HCI) = 2110 cm® -1015 g/cm® -0,0336
36,46 g/mol
¢) n(NaOH) = n(HCI) - 10 = 0,1974 mol.
Olgun(Na)=a ja n(NayO,) = b, siis
22.99a+77.98b=4,7g
Samas a + 2b = 0,1974 mol
a=0,1974 mol - 2b

=0,01974 mol = 0.0197 mol

22.99-a N 77.98-b =47
mol mol
22.99-(0,1974 mol - 2b) N 77.98-b —47
mol mol
4 538 mol —45.98-b + 77.98-b = 4,7 mol
32b = (4,7-4,538)mol b =0,00506 mol
%(Na) = 4,700 g-77.98 g/mol -0,00506 mol 100 = 91.6
47009
6.a) | -l (VAR | I 11 I I | (-1 V -ll

H2O, HC|O3, NH3-H20, [CO(NH3)6](C|O3)3

b) C0203, C|205, NH4C|O3 ja [Co(H20)6](CI03)3
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10. klass

1. a) i) Kristallvére I6hkumine, ii) “keemilise Uhendi” teke (solvatatsioon).
b) i) (20 + 273) K =293 K

(-20 + 273) K = 253 K
¢) AH(A — E ) = (-20-12+28+16) kJ = +12 kJ
d) C+ O, =CO; AH;,

AH{CO,) = AH;

AH(C) = AH,

e)p=_135ky 1000g 1m®
0,00125m3 1kg 1000000 cm?

=10,8 g/cm®

2. M{(10H,0) = 180

a) Kdige suurem vee protsendiline sisaldus on kdige vaiksema molaarmassiga

kristallhUdraadis ja kdige vaiksem vee protsendiline sisaldus on kdige suurema
molaarmassiga kristallhudraadis.

i) kristallhtidraat B~ %(H,0) = %

ii) kristallhiidraat G~ %(H,0) = %.100 = 37,2

100 = 62,9

m(E). (322-180)

b)i) 0,1 = 300322
30 g = 0,441 m(E)
m(E) = 68,0 g
g.@
i) %(aine) = —38L . 100
10g+50¢g
%(aine) = 8,79
10.@
jii) 0,1 = 446 _
10 +m(H,0)

1+ 0,1m(H,0) = 5,96
m(H,0) = 49,6 g



3.a) i) A-C, susinik

ii) teemant ja grafiit
iii) B — susi, koks

b) +IV  CO,, susinikdioksiid
+II CO, susinikoksiid
-1 C,H,, etiun
-1l C,H,, eteen
-l CoHg, etaan
-V CH4, metaan

c) D -Y,0;

A(Y)=316. - .07.1 =56
0,3

5=
Y — Fe, raud
D - Fe,03, raud(lIl)oksiid
d)i)C+ O, =CO0O,

ii) Fe,05 + C = 2FeO (iihend E) + CO
iii) 2CO + 0, = 2CO,

e) i) gaasilise CO, kulmutamisel moodustub tahke CO,
ii) sublimatsioon

4.a)i) A, — F, fluor
ii) X — H, vesinik
Y — O, hapnik
iii) X,Y — H,0, vesi
XA — HF, vesinikfluoriid

b) M,(HF) = 20
%(F) = %.100 =95

%(O) = %100 = 88,89 ~ 89
¢) EX — NaH, naatriumhudriid
EYX — NaOH, naatriumhudroksiid

%(Na) = 220

—.100 = 57,5
40,0

d) Vee molekulide vahel on vesinikside.



910g

5. a) %(H,0) =
) %(H:0) 1000 cm® -1,025 g/cm?

100 = 88,8 ~89

b) Kuna vereplasma summaarne elektriline laeng on 0, siis
c(Na*) + c(K") + 2-c(Ca®) + 2-c(Mg®*) =c¢(HCO3)+2-c(HPO3™)+2-¢(SO3™)+c(CI")

c(Cl) = ¢(Na*) + ¢(K*) + 2.c(Ca®") + 2-¢(Mg?*) —c(HCO3)-2-c(HPOF )-2-¢(SO%")
c(Cl)=133,4+3+222+20,7-28-215-2.0,6=110 mM
c) n(Cl') & n(NaCl)
m(NaCl) = } -1L-0.110 M - 58,5 g/mol = 6,435 g

3
1 1em™ ~ 711 cm® ~ 710 em®

V(fﬁs.lahus) =6,435 g- 0.0090 ' 1,005¢

d) loonide summaarne kontsentratsioon on ligilahedaselt sama.
6. a) i) CH, + 20, = CO, + 2H,0

II) N2H4 + 02 = N2 + 2H20
|||) Hz + 0,502 = Hzo
1

b) i) AH(CH,) = [-304 + 2(-286) — (-74)] kJ - — = -892 kJ/mol

i) AHo(N2H,) = [2:(-286) — 51] kJ - LI = -623 kJ/mol

mo

iii) AHc(H,) = AH{(H,0) = -286 kJ/mol
¢) i) 2n(0,) < n(CH,) 2:1
||) n(02) = n(N2H4) 1:1

iii) 0,5n(0,) < n(H,) 1:2
d) i) n(CH,) - M(CH.) + 2n(O,) - M(O,) = 5000 g

16-— .n+ 64— .n = 5000
mol mol

_ 5000

n mol = 62,5 mol

n(CH,) = 62,5 mol
i) 32.—.n + 32._.n = 5000

mol mol
n(NzH,) = %mm = 78,125 = 78.1 mol

3



iii) 2.02-—.n + 16.— .n = 5000
mol mol

n(H,) = %mol = 277.5 mol

e) i) AH(CH,) = 62,5 mol - (-892 kJ/mol) = -55750 kJ ~ -55,8 MJ
ii) AH(N2H,4) = 78.1 mol - (-623 kd/mol) = -48656 kJ ~ -48,7 MJ
iii) AH(H2) = 277.5 mol - (-286 kJ/mol) = -79365 kJ = -79.4 MJ
iv) 2 osa vesinikku ja 1 osa hapnikku



2005/2006 6a keemiaolumpiaadi piirkonnavooru
ulesannete lahendused

11. klass
1.a)i) 2H =H, AH = -435 kJ/mol
0 =1/20, AH =2 - (-494 kd/mol)
H, + 1/20, = H,0 AH = -242 kJ/mol
ii)2H + O =H,0 AHg (H20) = -924 kJ/mol

iii) AH3ics.a (H20) = 924 kJ/mol
b)i) 0,01°C; 6,11-10° bar
ii) keemistemperatuur langeb
i) sulamistemperatuur tduseb
c) X;-HCOOH hape
X; — HC(O)OC;,Hs ester
d) dimeerid on P,O4¢ ja N2O4
e) Reaalselt ei eksisteeri anioone 0% ja FO;

2.a) A-CaC,

12-2

AMen) = 122 0625 = 4

(Mes) = 20,625 =40

E - Al,Cs

A(Meg) = 124 075.1 =27
0,25 4

G - Mg.Cs

A(Meg) = 223 .0571.1 = 24
0,429 2

L —-WC

A{Me,) = —2__.09388 = 184
0,0612

b) X — Ca, kaltsium

Y — CaO, kaltsiumoksiid

B — Ca(OH),, kaltsiumhudroksiid

C - C,H,, etuln, atsetuleen

D - CgHg, benseen

F — CH,4, metaan

H — Al(OH)3, alumiiniumhudroksiid

| - HC =CCHg3, propuun

J — Mg(OH),, magneesiumhudroksiid
c)i) Ca+2C = CaC,

ii) CaO + 3C = CaC, + CO

III) CaC, + 2H,0 = Ca(OH)z + C,H,

iV) 3C2H2 = C6H6

V) A|4C3 + 12H20 = 4A|(OH)3 + 3CH4

vi) Mg.C; + 4H,0 = 2Mg(OH), + HC =CCHj

1



3. a) i) 100 g lahustist kristalliseerunud soola mass on voérdne lahustuvuste vahega.
206,7-127,3

%(sool, 1) = 22— =1=.100 =38,41 = (0,3841)"- 100
i) %(sool, 2) = 38,41 - 0,3841 =14,76 =  (0,3841)%- 100
iii) %(sool, 3) = 14,75.0,3841 = 5,668 =  (0,3841)°- 100

b) Uhest purgist soolast B saadakse: 500 g - 0,1476 = 73,8 g puhast soola
Soolast C 500 g - 0,05668 = 28,3 g
SoolastD 1000 g - 0,05668 = 56,7 g

A — Uks purk C — kaks purki

B - Uks purk D - Uks purk
c) A-12890% C-101%

B- 74,209% D-130%

d) Et Umberkristalliseerimine on vaga toomahukas, siis vdib eeldada, et
F.Aulbeer tellis soola A.

4. a) i) AgNO; + KCI = AgCI + KNO3

||) 2A9N03 + KszO4 = AQQCFO4 + 2KN03
10,5 cm®
10 cm?®

100 = 78,28

b) m(KCI) = }.0,1 molidm? .01dm3 74,56 g/mol = 0,7828 g

0,7828

1,000

c) Ekvivalentpunktis [Ag'] = 410107 =1,0-10° M
(1,0-10°)* - [cro2 1=1,1-10"

11107 _

%(KCI) =

[CrOi_] = W - 0.011 M
d) i) Happelises keskkonnas moodustub dikromaatioon ja kloriidioon vaib
oksudeeruda.

ii) Aluselises keskkonnas moodustub mittelahustuv hdbehudroksiid, mis
laguneb hdbeoksiidiks.

5. a) -IV VI | IV
CH4 + 3HQSO4 =CO + 3802 + 5H20
-V |
C-6e = C |1
VI IV
S+2e= S |3
b) -V IV
A CH, [(CH3)Pd(OSO;H)]
- -1l
D [(CHsCO)Pd(OSO;sH)] CH,COOH

c) 2CH, + 3H,SO, + 1/20, = CH;COOH + 3S0, + 5H,0
d)[(CH3)Pd(OSO;H)] + H,0 = Pd + CH;0H + H,SO,

2



6. a) Si — C, susinik
S - O, hapnik
N - P, fosfor
| - Cl, kloor
H - F, fluor
K - Na, naatrium
O - H, vesinik
b) CH3;P(O)(F)OC;3H; — sariin
c) SiO3SO - CH;0H, metanool
SiO3l — CH5CI, klorometaan
Ol — HCI, vesinikkloriid
SiO3SK — CH3; ONa, naatriummetanolaat
Kl — NaCl, naatriumkloriid
KH — NaF, naatriumfluoriid
Si30;S0 — C3H; OH, propaan-2-ool
d) PCl; + 3CH30H = (CH30),POH + CH3CI + 2HCI
(CH30),POH + CH;Cl + CH30Na = CH3P(O)(OCHj3), + NaCl + CH3;0H
CH3P(O)(OCHj;), + 2PCl; + 2Cl, = CH3P(O)CI, + 2POCI; + 2CH3Cl
CH3;P(O)CI, + 3NaF + C3H;0OH = CH;P(O)(F)OC3H; + 2NaCl + NaHF,
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12. klass

6
1. a) 0082 mol 10~ pmol L =82 pmol
L mol 1000 mL mL

i
C2H5_C_||\I—C2H5 +H,0
H

ensulm
b H.COOH + H.NC,H
) C2HCO0 NG S kataliitis
C) CH4 CD4 CT4
d) [Ag,CrO4] < 2[Ag’]

[Ag,CrO.] = %.1,0.10—6 mollL = 5,0-107 mol/L

e) 0
i) Pb anood (-)

v
ii) Pb katood (+)

f) Uks mool elektrone

2.a)m(D)=2,559g:(1-0,7647)=0,60 g
Olgu oksiid D — X,0
X;0 + 2HCOOH = 2HCOOX + H,0O

n(HCOOH) = 8,00 g - 0,23 - ™ = 0,040 mol

46,0 g
M(X,0) = — 2099 = 30 g/mol
—-0,040 mol
2
A(X) = 30;16 -7
X — Li, liitium X,0 — Li,O

b) Propaaniga vdis reageerida hapnik, sest moodustunud gaas (CO,) andis
Ba(OH), lahusega valge sademe.
B - O,, hapnik

c)n(O,+ C)=2,55g-0,7647 - 1™ _1 =0 030 mol
20g 2.24
CsHg + 50, = 3CO, + 4H,0
n(0y) = 2.00908 LM = 0,020 mol
1 22, 7L

n(C) = 0,030 mol — 0,020 mol = 0,01 mol

d) i) 0,01 mol-M(C) + 0,02 mol - 32 g/mol = 0,03 mol - 29 g/mol - 2,24
0,01 mol-M(C) + 0,640 g =1,949¢

M(C) = 3999 L 131 g/mol C — Xe, ksenoon
0,01mol




1
2
n(Li) =

ii) n(D) = —-0,04 mol = 0,02 mol

% 0,02mol = 0,04 mol

n(O) = 7-0,02 mol + %-0,04 mol = 0,06 mol
n(Xe) = 0,01 mol A - LisXeOg
iii) LisXeOg = 2Li,0 + 20, + Xe

3. a) A — NH4F, ammooniumfluoriid
B - NH,CI, ammooniumkloriid
C — NH4Br, ammooniumbromiid
D — NH,l, ammooniumjodiid
E — NH;, ammoniaak
F — NH4HF5,, ammooniumvesinikfluoriid
G - HCI, vesinikkloriid
H - HBr, vesinikbromiid
| — H,, vesinik
J — I, jood
K - HF, vesinikfluoriid
L - NHsHSO,4, ammooniumvesiniksulfaat
32.1

%(S) =—5 100 = 27.9
M — Br,, broom
N - SO,, vaaveldioksiid

%(S) = >2.100 = 50
64
O - H,S, divesiniksulfiid
%(S) = >2.100 = 94
34

P — CuCl,, vask(Il)kloriid
Q - N5, lammastik

0
t
b) i) 2NH4FO= NH3 + NH;HF»
t
i) NH,CI 0= NH; + HCI
t
iii) NH,Br = NH;3; + HBr
0]
t
iV) 2NH4| = 2NH3 + H2 + |2
V) NH4F + H2804 konts = NH4HSO4 + HF
Vl) NH4C| + HZSO4 konts = NH4HSO4 + HCI
VII) 2NH4Br + 3 H2804 konts = 2NH4HSO4 + Br2 + 802 + 2H20
VIII) 8NH4| + 9H2804 konts = 8NH4HSO4 + 4|2 + HQS + 4H20
ix) 2NH,Cl + 4CuO = 3Cu + 4H,0 + CuCl, + N,

2



4. a) i) Cy4H1805N;

ii) -CH,COOH
iii) CgHsCH,—
iv) CH;OH
b) i) HO\/\,(& *
] OH i) OH
O NH , NH,
aminohape A aminohape B

c) i) Uhendis D on esterside  —-COO-
ii) Aminohapped on seotud peptiidsidemega —C(O)NH-
H O

d) HOMOH (2)12\K 2(32)
@)

NH,
S-stereoisomeer 14

H O

Ho~_~J (32)12  12(2)

o OH
NH, 14
R-stereoisomeer

5. a) i) N(O) = 2 aatomit (karboksuulhape)

32

M(A) = = =122,1

N(C) = 122,1 - 0,689 - 1aj‘t2°m = 7 aatomit

N(H) = 122,1 - 0,049 - 1aa1t°m = 6 aatomit

C7H602
ii) N(N) = 1 aatom (amiin)

M/(D) =

N(C) = 93 - 0,774 - 1aj‘t2°m = 6 aatomit

N(H) = 93 - 0,075 - 1aa1t°m = 7 aatomit
CeH:N
iii) CoH/N + N — 2H = CeHsN, (E)




b) A COOH, fenuulkarboksuulhape, bensoehape

@

sle

, benseen

—NO,, nitrobenseen

s

NH,, aniliin
+—
N — N, fenlllasooniumkatioon

Br, fentllbromiid

G MgBr, fenliilmagneesiumbromiid

slsle

H CIMgBr, magneesiumkloriidbromiid

c) i) + HONO, = <i%mo2 + H,0
i) <j>No2 + 6H = QNHZ + 2H,0
iii)QMgBr+ CO, + HCl = @—COOH + CIMgBr

6.a) 107 = 6,2.10° - 0,01 mol . 74+ g/mol_
m(K,HPO,)
-10
m(KZHP04) = %174 g/mol = 1’08 g~ 1,1 g

b) n(hape) = 0,010 mol + 0,030 dm® - 0,1 mol/dm* = 0,0130 mol
n(sool) = 6,2-10° — 0,030 dm> - 0,1 mol/dm> = 0,0032 mol
H1=6210%.20130 _5 5407  pH=-925107 =66

0,0032
ApH =6,6 —7,0 = - 0,4 (pH vaheneb)
3 3
c) [H+] _ 0,030 dm*~ -0/ rgol/dm - 0,0029 mol/dm3
1,030 dm
pH=-lg0,0029=254~25 ApH=25-7,0=-4,5
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