OLIMPIADA LA CHIMIE
etapa republicana, clasa a XI-a
Solutii si barem de evaluare

Nr Rezolvare Punc- | Total
tajul
1. | Test. Fiecare raspuns corect — 1 punct 10 p.
Réspunsuri corecte: 1.b; 2.c; 3.b; 4.c; 5.d; 6.d; 7.e; 8.d; 9.b; 10.b. 10 p.
2. | Problema 1. 25 p.
1. Din rezultatele analizei cantitative se pot determina formulele moleculare
a substantelor A si B.
a) 0,1843 g AsauB — 0,5935 g CO>
82gAsauB — XgCO2 X =82-0,5935:0,1843 = 264 g CO>
v(CO2)=264¢g:44 g/mol=6mol=>6C 2,0p.
0,1843 g Asau B — 0,2024 g H.0
82gAsauB — Y gH0 Y =82-0,2024 : 0,1843 =90 g H20
v(H20)=909g: 18 g/mol=5mol=>10H
Formulele moleculare ale substantelor A si B sunt identice: CeHio (M = 82) 2,0 p.
Determinam cantitatea de substantd de brom care a fost aditionata de catre 1 mol de
substantd A si 1 mol de substanta B.
Substanta A: m (Brz) =0,5% - 79,6 g : 100% = 0,398 g Br>
0,2039gA — 0,398 g Br2
82gA — XgBn X=160¢g
v (Br2) =160 g : 160 g/mol =1 mol 2,0 p.
Substanta B: m (Brz) = 0,5% - 143,3 g : 100% = 0,717 g Br
0,1837gB — 0,717 g Br2
829gB — Y gBrn Y=320¢g
v (Brz) =320 9 : 160 g/mol =2 mol 2,0p.
Din calculele efectuate rezulta: 1 mol de substantda A aditioneaza 1 mol de Brz, 1 mol
de substantd B aditioneaza 2 mol de Br. Prin urmare, substanta A contine o dubla
legatura, iar B — doua duble legaturi. 1,0 p.
Nota: fiecare formula de structura corectd — 1,5 p. + denumirea corecta — 0,5 p.
b) Ambele substante la oxidare formeaza acizi dicarboxilici. A formeaza un acid
dicarboxilic cu acelasi numar de atomi de carbon in molecula ca si In substanta initial,
iar B —un acid cu doi atomi de carbon mai putin si contine doud duble legaturi:
[O] CH,—CH,-COOH
A (C6H10) > | @ 3,5 p.
KMnO, +H,SO0y CH,—-CH,-COOH
Acid adipic Ciclohexena
[O] CH,—-COOH CH,—-CH=CH,
B (CgHio) - ! _ 3,5p.
KMnO, +H,SO, CHz—COOH CHZ_CH—CHQ !
Acid succinic Hexa-1,5-diena
2. Schemele reactiilor: a) Oxidare energica:
COOH acid hexandioic 0,5 p.
KMnO4 + H2SO4 COOH
CH CH=CH CH,-COOH
2 2 o +2C0, + 2H,0 0,5p.
CH2 CH=CH, KMnO,+H,80,  CH,—COOH
hexa-1,5-diena acid butandioic
b) Aditia bromului:
Br
A: @ gy, S, 20p.
Br
ciclohexena 1,2-dibromociclohexan
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Clez—CH:CHz

CH —CH=CH + ZBI‘Z (I:H2_(|:H_CH2_CH2_(|:H_CI:H2 2,0 p.
2 T Br Br Br Br
1,2,5,6-tetrabromohexan
3. Aditia electrofila a bromului la ciclohexena este stereoselectiva (trans-stereospeci-
ficd), formandu-se cu precadere izomerul trans, conditionatd de mecanismul reactiei:
Br Br
C
O + Br —C14> O/ + O: 4,0 p.
"Br Br
trans-1,2-dibromo- cis-1,2-dibromo-
ciclohexan (95%) ciclohexan (5%)
Problema 2. 25p.
G
1. Formula de structura a substantei A: CH3—CH2—CEC—§—CH2—CH3 2,0 p.
OH
G
2. HC=CH —— CH3—CH2—CEC—§—CH2—CH3 (A)
OH
Pd, PbO
a) HC=CH + H, H,C=CH, 1,0 p.
b) H,C=CH, + HBr ——= H;C—CH,Br 1,0 p.
C) HC=CH + NaNH, ——= HC=CNa + NH; 1,0 p.
d) HC=CNa + BrH,C—CH; —= HC=C-CH,-CH; + NaBr 1,0p.
Hg2+,stO4
e) HC=C-CH,-CH; + HLO ——— H3C—9—CH2—CH3 1,0 p.
O
Na
f) HCEC_CHz_CH3 + H3C_FI_CH2_CH3 — A 2,0 p.
O
Alta varianta posibila de sinteza (se noteaza cu acelasi punctaj):
Pd, PbO
a) HC=CH + H, H,C=CH, 1,0p.
b) H,C=CH, + HBr —— H3C_CH2BI' 1,0 p.
Hs),0 abs.
¢) HyC—CHBr + Mg — 200 o CH,MeBr 1,0 p.
d) HC=CH + NaNH, —= HC=CNa + NH; 1,0 p.
e) HC=CNa + BrH,C—-CH; —= HC=C-CH,-CH; + NaBr 1,0p.
Et,O
f) HC—CH,MgBr + HC=C-CH,-CH; ——> H;C—CH,~C=CMgBr 1,0 p.
0) H3;C—CH,-C=CMgBr + H;C-C-CH-CH; —=
O CH;
| H,0
— CH;3-CH,-C=C-C—-CH,-CH; —————— 1,0 p.
I — Mg(OH)Br
OMgBr




3. Conform ecuatiei Mendeleev-Clapeyron:

m nRT 2,0p
a)pV=—RT sau pV=nRT = V= ; L
M p
b) T (K)=273+t(°C) => T=273+127=400K 2,0 p.
760 mmHg=1atm => 720 mm Hg=0,947 atm
R = 0,082 (L-atm)/(mol-K)
(3-2) mol - 0,082 (L-atm) / (mol-K) - 400K 20
- = 0 p.
C) V(H,) 0.947 atm 207,8 L
Nota: fiecare formula de structura corecta — 1,5 p. +
denumirea corecta — 0,5 p.
CHs H, / Pd, PbO CHs H,S0
4. CH;-CH,-C=C-C-CH,-CH; CH;-CH,-CH=CH-C-CH,-CH; ——*
A OH CH; B OH —H0
—> CH;-CH,-CH=CH-C=CH-CH; o]
C KMnO,+H,S0,
— CH;3-CH,-COOH  + CH3C-COOH + CH3-COOH | 10 p.
D O E F
Denumirile substantelor notate cu literele B-F:
B — 3-metil-hept-4-en-3-ol;
C — 3-metil-hepta-2,4-diena;
D — acid propanoic (propionic);
E — acid 2-oxopropanoic (acid piruvic);
F — acid etanoic (acid acetic).
Problema 3. 10 p.
1. Conform conditiilor n(Ba) = 1= w(Ba)/A(Ba), reiese
w(E) - A(Ba)
nE)= ————7——
A(E) - w(Ba)
n(0)=3; n(N)=2; n(C)=1; n(H)=6.
Formula bruta a amestecului : CHsBaN203 1,0 p.
2. F.Wohler, pentru prima data, a sintetizat ureea (carbamida), substanta A — CO(NH>)z2,
prin urmare B este hidroxidul de bariu: Ba(OH): 1,0 p.
3. Ba(OH)2 + CO(NH)2 — BaCOs + 2NH3 1,0 p.
4.2S0; + Oz + 2H20 — 2H2S04 1,0 p.
5. BaCO3 + H2SO4 — BaSO4 + CO2 + H20 1,0 p.
Pelicula densa insolubila de sulfat de bariu formatd protejeaza suprafata
monumentelor de ploile acide. Daca carbonatul de bariu ar fi fost pregatit in prealabil,
nu s-ar fi format pelicula densd de BaSO4, deoarece la pastrare BaCO3s in solutie
cristalele de BaCOgs, cu dimensiuni mai mari cresc din contul cristalelor mai marunte.
Acest proces se numeste "imbdatranirea" sedimentului.
tO
6.NH;OCN —= H;N-C—NH, 1,0 p.
O
7. In agriculturi in calitate de ingrasamant. 1,0 p.
/,O t°
8.CO, + 2NH; —— HzN_C\ HQN_E_NHQ 1,5p.
OoNH, 'O 3
9. BaSO4 — barita 0,5p.
10. BaSO4 — sulfat de bariu 0,5p.
11. Solubilitatea foarte mica a BaSO4 in apa si in solutiile slab acide. 0,5p.




