
stemup.co.uk

StemUp Model Solution

https://stemup.co.uk


Sodium carbonate solution (Na2CO3)

No visible change

Effervescence (bubbles of gas / fizzing)

Tollens' reagent (ammoniacal silver nitrate)

No visible change (stays colourless)

Silver mirror forms (grey / black solid)
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Propanenitrile

H3C CH2 Br
δ+ δ−

CN−

→  CH3CH2CN  +  Br−

% atom economy = Mr of D ÷ total Mr of reactants × 100

= 55.0 ÷ (108.9 + 65.1) × 100

= 55.0 ÷ 174.0 × 100 = 31.6 %

31.6
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Mass of cyclohexane burned = 192.730 − 192.100 = 0.630 g

Moles = 0.630 ÷ 84.0 = 0.00750 mol

Heat released, q = 1216 × 1000 × 0.00750 = 9120 J

q = mcΔT, so ΔT = 9120 ÷ (50.0 × 4.18) = 43.6 °C

Final temperature = 19.1 + 43.6 = 62.7 °C
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Heat is lost to the surroundings (not all the heat is transferred to the

water), e.g. because there is no lid or insulation.

62.7
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ΔH = Σ ΔcH(reactants) − Σ ΔcH(products)

= [6 × (−394) + 6 × (−286)] − (−3920)

= [(−2364) + (−1716)] + 3920

= −4080 + 3920 = −160 kJ mol−1

−160
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C8H18 + 12.5 O2 → 8 CO2 + 9 H2O

2 NO + 2 CO → N2 + 2 CO2
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Mass of SO2 = 6.49 × 106 × 1000 × 1000 = 6.49 × 1012 g

Moles of SO2 = 6.49 × 1012 ÷ 64.1 = 1.012 × 1011 mol

1 : 1 ratio, so moles of CaO = 1.012 × 1011 mol

Mass of CaO = 1.012 × 1011 × 56.1 = 5.68 × 1012 g

= 5.68 × 109 kg

5.68 × 109
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The oxygen atom has two lone pairs of electrons. Lone pairs repel more

strongly than bonding pairs, so the bonding pairs are pushed closer

together (angle about 104.5°).

H3C O H
δ− δ+

O

H

CH3

δ−

δ+

hydrogen bond
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Catalyst: a catalyst has no effect on the equilibrium yield, because it

speeds up the forward and reverse reactions equally. It increases the

rate of reaction, because it provides an alternative route with a lower

activation energy. Using a catalyst lowers costs, because equilibrium is

reached faster and a lower temperature can be used, so less energy is

needed.

Pressure: there are 3 moles of gas on the left and only 1 mole of gas

on the right, so a higher pressure shifts the position of equilibrium to

the right, giving a higher equilibrium yield of methanol. A higher pressure

also gives a faster rate, because the gas molecules are closer together,

so there are more frequent collisions. However, the higher the pressure,

the greater the cost, because of the energy needed to compress the

gases and the strong, expensive equipment needed. So 10 MPa is a

compromise.

Temperature: the forward reaction is exothermic (ΔH = −91 kJ mol−1), so

a lower temperature shifts the equilibrium to the right, giving a higher

equilibrium yield. However, a higher temperature gives a faster rate,

because more molecules have energy greater than or equal to the

activation energy, so there are more frequent successful collisions. The

higher the temperature, the greater the cost of the energy needed for
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heating. So 550 K is a compromise temperature that gives a reasonable

yield at a fast enough rate.
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Electrophilic addition

CH3 CH CH2

H O

SO O

OH

δ+

δ−

CH3 CH
+

CH3

O
−

SO O

OH

→   CH3CH(OSO2OH)CH3   (E)
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E is formed via a secondary (2°) carbocation, but F is formed via a

primary (1°) carbocation.

The secondary carbocation is more stable than the primary carbocation

(it has more alkyl groups attached to the positive carbon), so E is

formed more readily.

CH3 CH2 CH2

O

SO O

OH
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Place a weighing bottle on a balance and weigh out an accurately

measured mass of propanedioic acid into it, recording the mass.

Tip the solid into a beaker, then reweigh the empty weighing bottle, so

the exact mass of acid transferred is found by difference.

Add about 100 cm3 of distilled (deionised) water to the beaker and stir

with a glass rod until all of the solid has dissolved.

Pour the solution into a 250 cm3 volumetric flask through a funnel.

Rinse the beaker, glass rod and funnel with distilled water and add all

of the washings to the volumetric flask.

Add distilled water until the bottom of the meniscus is on the 250 cm3

graduation mark, adding the last few drops with a dropping pipette and

reading at eye level.

Finally, stopper the flask and invert it (shake) several times so the

solution is thoroughly mixed and homogeneous.

O O

HO OH
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Moles = 0.00500 × 250 ÷ 1000 = 0.00125 mol

Mass = 0.00125 × 104.0 = 0.130 g

= 0.130 × 1000 = 130 mg

130
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Mass of propan-1-ol = 6.0 × 0.80 = 4.8 g

Moles of propan-1-ol = 4.8 ÷ 60.0 = 0.080 mol

Moles of Cr2O7
2− = 0.080 ÷ 3 = 0.0267 mol

Volume = 0.0267 ÷ 0.40 × 1000 = 66.7 cm3

= 67 cm3 (2 s.f.)

67
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water in

water out

condenser

propanal

thermometer

heat

pear-shaped flask
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CF2ClCF2Cl → •CF2CF2Cl + •Cl

Cl• + O3 → ClO• + O2

ClO• + O3 → Cl• + 2 O2
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Moles of butane = 38.8 ÷ 58.0 = 0.669 mol

pV = nRT, so V = nRT ÷ p

V = (0.669 × 8.31 × 272) ÷ 101 000

= 0.0150 m3 (0.014971 m3)

= 0.0150 × 106 cm3 = 15 000 cm3

15 000
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Volume = mass ÷ density

= 38.8 ÷ 0.60 = 64.7 cm3

64.7

Expansion factor = volume of gas ÷ volume of liquid

= 15 000 ÷ 64.7 = 232

232
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