ENTRANCE EXAMINATION AT THE UNIVERSITIESOF TECHNOLOGY IN
FINLAND (HELSINKI, TAMPERE, LAPPEENRANTA, OULU, ABO, TURKU, VAA SA)

Model Solutions (Chemistry Exam 1 June 2005)

1. m(sample) =2.11g, m(CaCl,) =xg
1. Dissolution reaction of salt: CaCl, (s) — Ca* (ag) + 2 Cl™ (aq)
2. Precipitation reaction: Ca?*(ag) + COs* (ag) — CaCOjs(s)
3. Heating reaction: CaCOg3(s) — CaO(s) + CO(qg)

From the reaction equation: n(Ca0) = n(CaCO3) =n(Ca’*) = n(CaCl.)
m(Ca0) = 0.480 g, M(Ca0) = 56.08 g/mol

m(Ca0) _0489g
M(CaO) 56.08g/mol

=> n(Ca0) = = 0.008559 mol = n(CaCly)

M(CaCl,) = 110.98 g/mol

m(CaCl,) = n M = 0.008559 mol [1110.98 g/mol = 0.9499 g

Mass fraction of CaCl, in the sample (m-%) = 0.9199

L [100% = 45.0%
2. CuSO4(ag) — Cu*(ag) + SO (a0)
Cathode: Cu?* +2€ — Cu(s) / x2

Anode: 2H,0 — Ox(g)+4H" +4¢€
Cell:  2Cu*"+2H,0 - 2Cu(s) + Ox(g) +4H"

1.009g

—————=0.01574 mol
63.54 g/ mol

b) mc,=1.009, Mc,=63.54 g/mol =>nc,=m/M =

ZnF
2 = Q=2[0.01574 mol (6490 A s/ mol = 3038A s

Q
z

c) n(Oy) =ncy/2=0.01574 mol / 2 =0.00787 mal

3038A s
Or: n0O)=Q/ZF; Z=4=> n(O,) = = 0.00787 mol
or () =Q (O = 56490 Asmol

n(0,)RT _ 0.00787 mol [8.314 Jmol 'K ™ (293K
101000 Pa

=1.90 (10™* m®

pV =nRT = V(Oy) =

=190 cm®

3. @ m(CHsCOOH)=0.600g, M (CHsCOOH) = 60.052 g/mol = n (CHsCOOH) =
M~ 0.00999 mol
M



b)

V =1 dm* 2 ¢(CHsCOOH) = 0.00999 mol/dm?

m(CH3COONa) = 0.738 g, M(CH3COONa) = 82.034 g/mol =» n(CH3COONa) =

M~ 0.00900 mol
M

V =1dm*® = ¢(CH3COONa) = 0.00900 mol/dm?

CH3COOH + H,0 « CH3COO™ + Hz0"

At the beginning 0.00999 0.00900 0
(mol/dm?®)
At equilibrium 0.00999 - x 0.00900 + x X
(mol/dm?®)
[CH3COO] [H30'] (0.00900 + x) [
K= DO00D0O0O00O = 0000000 = 1.8010° mol/dm?
[CH3COOH] 0.00999 - x

Approximation: x << 0.00900 =>
0.00900 [k

OO00O00 = 1.8[10° mol/dm®
0.00999

x =[H30" = [H'] = 2.00 [10~° mol/dm? the gproximationis ok!

Or:
[CH3COO] [H30'] Ka [CH3COOH]
K= DO0DO0O0OO = [HO=00UO0OO0DOO0
[CH3COOH] [CH;COOT]
In the buff ered solution: [happd
[H:0"] OK, OO0
[emés]
0.00999mol/dm?®
[H:0"1=1.8[10° mol/dm®* DOOODOOO =2.0000° mol/dm®
0.00900mol/dm?®
Ky 1.00[10** mol?/dm®
[OH]=00 =00000000 _ = 500007 mol/dm®
[Hs0]" 2.00[10° mol/dm?®

pH =-1g[HsO]* =- 19 2.00(1L0° = 4.70

The mole % given are the same & mole fradions x.
The average molar massof dry air M;:

M; = X(O2)M(O2) + X(N2)M(N2) + X(Ar)M(Ar) =



b)

b)

(0.210B2.00+ 0.78[28.02+ 0.01[89.95 g/mol = 28.98 g/mol

Massof air m; = 28.0140g — 27.9214g = 0.09269g
Massof hydrocarbongas myg = 28.0175g — 27.9214g = 0.09619g

Same @ndtions, same volume = n; = ng

m, m,M;
= = Mg: -
Mg m.

n= ->

m m,
M M,

_ 0.0961g [28.98g/mol
0.0926g

My =30.07g/mol

Hydrocarbon CyHy =» C: 12.01g/mol, H: 1.008g/mol
=>» There can be 2 cabonatoms, in ather words x = 2

=> 2[12.01g/mol +y [11.008g/mol = 3007 g/mol
= y=6.00
=>» Hydrocarbonis CoHg ethane

To oltain AH for the required readion, the given equations 1, 2 and 3 must be
combined to produce that readion and add the correspondng AH vaues. Before
summing the threereadions, readion 2and its AH value must be multiplied by 2 and
readion 3 must be reversed and the sign of AH must be changed acordingly (Hesss

law).
C(s) +Ox(g) — CO2(g) AH; = -394 kIYmol
2H2(9) + Ox(g) - 2H0() AH, = 2 x (-286 K¥/moal)

CO,(g) + 2H20(1) — CHa(g) + 2 Ox(0) AH3 = +890 K¥/mol

gobbobbooooooooboo goooboooogad

C(9) + 2 Ha(g) — CHa(Q) AH = -76 kJ/mol

m(CH,4) = 100g, M(CH,) = 16.042g/moal

= & =6.23mol

S n(CHy) =1
“7'M " 16.04g/mol

AH = 6.23mol [{-890 k¥/mol) = -5544.7 K = -5.54MJ

=» Theamount of heat released is5.54 M J




6.9)

b)

i
CH3CH,—C—CH,CHs

Two ketone isomers:

Four aldehyde isomers:

CHg—CH—CH;0H
CHs

Three ether isomers:

3-pentanone
i
CH;—C —CH,CH,CH3
i
CH3—C|:H —C—CHj
CHs
i
CH3CH,CH,CHo—CH
0
CH3—C|:H—CH2—CH
CH;

2-methyl-1-propanol

CH3—0O—CH,CH,CH3

CH5CH,—O—CH,CHj

CH2—(|3H —O—CHjs
CHs

2-pentanone

3-methyl-2-butanone

1-pentanal

3-methyl-1-butanal

2-methyl-1-butanal

2,2-dimethyl-1-propanal



