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atom economy = (Mr of desired product / total Mr of reactants) × 100

Mr C3H7Br = 122.9     Mr C3H8 + Mr Br2 = 44.0 + 159.8 = 203.8

atom economy = (122.9 / 203.8) × 100

= 60.3 %

amount of 1-bromopropane = 14.7 / 122.9 = 0.11961 mol

amount of propane needed = 0.11961 × (100 / 31.0) = 0.38584 mol

volume of propane = 0.38584 × 24.0 = 9.2601 dm3

volume of propane = 9.26 dm3   (3 s.f.)
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PCl3 is (trigonal) pyramidal.

There are 3 bond pairs and 1 lone pair of

electrons around the central P atom.

The electron pairs repel each other to positions of minimum repulsion (maximum

separation), giving a pyramidal shape.

Phosphorus can expand its octet: it has available 3d orbitals, so electrons can be

promoted and P can accommodate 10 electrons in its outer shell, forming five P–Cl

bonds.

Nitrogen does not have 2d orbitals, so it can only accommodate eight electrons in its

outer shell and cannot form NCl5.
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Shape: trigonal bipyramidal

Bond angles: 90° and 120°
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Both NCl3 and NF3 have London forces (instantaneous dipole to induced dipole forces)

between their molecules.

The London forces are greater in NCl3 because NCl3 has more electrons (58) than NF3

(34), as a Cl atom has more electrons than an F atom.

Both also have permanent dipole to permanent dipole forces, but these are stronger in

NF3 than in NCl3.

This is because F is more electronegative than Cl, so the N–F bond is much more polar

than the N–Cl bond (N and Cl have almost the same electronegativity).

Overall the London forces predominate (they are more significant than the dipole

forces), so more energy is needed to overcome the intermolecular forces between NCl3

molecules than between NF3 molecules, so NCl3 has the higher boiling temperature.
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Tetramethylsilane, TMS, Si(CH3)4.

It is used as a reference (standard) at δ = 0 ppm, so that the chemical shifts of the

other hydrogen atoms can be compared with it.

Mr of C10H10O2 = (10 × 12.0) + (10 × 1.0) + (2 × 16.0) = 162.0

mass of carbon = 2.34 × (120.0 / 162.0)

= 1.73 g
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The circled CH3 hydrogens give a singlet because there are no hydrogen atoms on the

adjacent atom (the O has no H), so there is no splitting (n + 1 = 1).

The relative peak area of 3 shows there are 3 hydrogen atoms in this environment, i.e.

the CH3 group.
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C CH H

H H

H Cl

CH3CH2Cl + AlCl3 → CH3CH2
+ + AlCl4−

+
CH2CH3

+

H CH2CH3 CH2CH3

+  H+

AlCl4− + H+ → AlCl3 + HCl

(the AlCl3 catalyst is regenerated)
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Phenol is likely to be more reactive than benzene.

A lone pair of electrons on the oxygen atom of the –OH group is delocalised into

(donated into) the π system of the benzene ring.

This increases the electron density of the ring,

so the ring is more susceptible to electrophilic attack by the CH3CH2
+ electrophile.
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p = 118 kPa = 118 000 Pa (N m−2)        T = 165 + 273 = 438 K

V = 70.5 cm3 = 70.5 × 10−6 m3

pV = nRT  so  n = pV / RT

n = (118 000 × 70.5 × 10−6) / (8.31 × 438)

n = 2.2856 × 10−3 mol

molar mass = m / n = 0.271 / 2.2856 × 10−3 = 118.57

molar mass = 119 g mol−1   (3 s.f.)
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Different compounds have different polarities, so they have different attractions

(affinities) for the stationary phase.

The greater the attraction of a compound for the stationary phase, the longer it takes to

pass through the column, so the greater its retention time.

Also, compounds with higher boiling temperatures spend less time in the gas (mobile)

phase, so they have longer retention times.

stemup.co.uk

https://stemup.co.uk


C15H14O2

*
*

Structures of the two compounds formed from flavan-3-ol:

O

O

flavan-3-one (ketone)

O

O

O

ester of flavan-3-ol and ethanoic
acid (fruity smell)
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Ethanol and flavan-3-ol are both alcohols. Left open to the air for several days, they

can be oxidised by oxygen in the air.

Ethanol is a primary alcohol, so it is oxidised first to ethanal, CH3CHO, and then further

to ethanoic acid, CH3COOH.

The ethanoic acid formed then reacts with the remaining ethanol (esterification,

catalysed by the acids in the wine) to form the ester ethyl ethanoate, CH3COOCH2CH3,

which has a fruity smell.

Flavan-3-ol is a secondary alcohol (the C bonded to the –OH is bonded to two other

carbon atoms), so it is oxidised to a ketone, flavan-3-one (structure drawn on the

previous page). It cannot be oxidised any further.

The –OH group of flavan-3-ol can also react with the ethanoic acid formed from the

ethanol to form an ester, flavan-3-yl ethanoate (structure on the previous page), which

also has a fruity smell.

So four new organic compounds are: ethanoic acid (and ethanal), ethyl ethanoate,

flavan-3-one and the ethanoate ester of flavan-3-ol.
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The catalyst provides an alternative reaction pathway with a lower activation energy.

So a greater proportion of molecules have energy greater than or equal to the activation

energy, so more collisions are successful and k increases.

k = rate / ([NO]2[Cl2])

k = 1.09 × 10−2 / (0.1222 × 0.241)

k = 3.04 dm6 mol−2 s−1
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Impurities could adsorb onto the surface of the palladium catalyst, occupying the active

sites.

This leaves fewer active sites available for the reactants (less surface area for reaction),

so the reactant bonds are not weakened.

The impurities may form strong bonds to the surface, so they are less likely to desorb

and remain on the surface, poisoning the catalyst.
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Dissolve the impure solid in the minimum volume of hot solvent (and filter the hot

solution to remove any insoluble impurities).

Leave the solution to cool, then cool it in ice, so the solid recrystallises while the

soluble impurities stay in solution.

Filter off the crystals using vacuum (Buchner) filtration, under suction.

Dry the crystals between filter papers or in a desiccator.

−5.64

3.43 × 10−3
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gradient = −5780 K (−5.78 × 103 K)

Ea = −gradient × R = 5780 × 8.31 = 48 000 J mol−1 = +48.0 kJ mol−1

3.33 3.36 3.39 3.42 3.45 3.48 3.51 3.54
−6.2
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−5.6
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−5.2
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−4.8

−4.6

ln k

1/T × 103 / K−1

(3.35, −4.88)

(3.53, −5.92)

gradient = (−5.92 − (−4.88)) / ((3.53 − 3.35) × 10−3)
= −1.04 / (0.18 × 10−3) = −5780 K
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