Mark Scheme - 3.3 Chemistry of the p-block

1. <><> [1]

nitrogen / phosphorus (or any other Group 5 element) 1

{a) (i) one o bond/ description of o bond/ diagram to show overlap of
s orbitals (1)

one = bond/ description of = bond/ diagram to show sideways
overlap of p orbitals (1)
[2]

{ii}  joining of many/lots of (small) units or many alkenes /

molecules to make a large/long unit/ molecule [1]
{iii} ( T THE \
C—oC
k ||-| J:'DECHQ_ }

[
(iv)  CsHsCl [

by (i) BF; is planar triangular! trigonal planar (1)
MH3 is pyramidal/ trigonal pyramid (1) [2]

(i)  BFshas 2 bond pairs (1)

MHsz has 3 bond pairs and 1 lone pair (1) [2]

QWG the information is organised clearly and coherently, using
specialist vocabulary where appropriate [1]

{c)y i) co-ordinate/ dative covalent/ dative
- no credit for ‘covalent’ 1
(i)  109%%° (accept any in range 109°-110%) 1
{in) 4 bond pairs/ bonds (around B)

- no credit for ‘tetrahedral’ [1]
Total [13]
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(a) +1 occurs due to inert pair of s-electrons (1)

Inert pair effect becomes more significant down the group (1) [2]
(by (i)
B H
78.14 21.86
10.8 1.01
7.235 21.644 (1)
1 3
Empirical formula = BH: (1) [2]

(i) Number of moles = 1/22. 4 = 4 46 = 10~ moles (1)

M:=1232/446 =102 =276 (1)

Molecular formula = BzHs (1) [3]
(c) Outer/valence shell of electrons is not full / does not have an octet [1]
(d) BsHs + 15H20 — 5H:B0Os + 12H: [1]
(e) The compound is less stable than the elements [1]

(f) Any 3 from 4 points for (1) each
All atoms the same in graphite / BN alternate in boron nitride (1)
Atoms in layer of BN lie above each other but are not in graphite (1)
B—N bonds are polarised (or indicated dipole) but graphite is non-polar (1)
p-electrons in BN are localised but in graphite are delocalised (1) [3]
QWC  Organisation of information clearly and coherently; use of specialist
vocabulary where appropriate [1]

(q) Mass number = 7 Atomic number =3 [1]

Total [15]
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(a) (1) Omidising agent [1]
(i) A =lead(II) chloride / PbCl2 (1)

B = chlorine / Cl (1) [2]

(iii) [Pb(OH)s]*/ [Pb(OH)s]*/ Nas[Pb(OH)s] etc. [1]

(v} Yellow [1]

(vi PbO + JHNQO; ——» Pb(NOs)2 + HaO [1]

(b} (1) Each C atom covalently bonded to three other C atoms forming layers
(1)

Layers held together by weak intermolecular forces (1)
BN 1s 1soelectronic with C so it forms similar structures (1)

Graphite conducts electricity since electrons are delocalised but in BN,
each N has a full unbonded p-orbital and each B has an empty
unbonded p-orbital so 1t does not conduct electricity (1) [4]

(Accept electrons are not delocalised in BN so 1t does not conduct
electricity)

OWC The information is organised clearly and coherently, using
specialist vocabulary where appropriate [1]

(1) Wear-resistant coatings/catalyst support/for mounting high power
electronic components / drills in industry / cutting instruments [1]

(c) (1) AG=AH -T AS (AG = 0 for reaction to be spontaneous) (1)

T=192 (0
0.0067
T=2866K (0 13]

(11) Changes in temperature (above or below 286.6 K) caused the tin to
change form making it unstable (and causing it to disintegrate)

[1]
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(d) (1) (At the anode) Hy —— 2H" + 2e (1)
(At the cathode) O + 4H* + 4 ——— 2H:0 (1)
(Owverall reaction) Ha+ 02 ———» 2H0 (13

[3]

(1)  Hydrogen is difficult to store / takes up large volume / too flammable /
explostve / produced from fossil fuels which leads to a net energy loss
/ Pt electrodes very expensive [1]

Total [20]
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[a) Electrons within atoms occupy fixed energylevels arshells of
increasing enengy/ nitrogen has electrons intwo shells (1)
15% 25 2p* (1)

Electrons occupy atomicorbitals withinthese shells/
Thefirstshel innitrogen has s orbitals andthe secondshell s andp
orbitals (1}

A maximum oftwo electrons can occupy any arbital/
Each s orbital in nitrogen contains two electrons (1)

Each with opposite 5 pins (1)

Orbitals ofthesametype are groupedtogether as a sub-shell/ There
arethree p orbitals in nitrogen’s p sub-shell (1)

Each orbital in a sub-shel willfillwith one electron before pairing starts
! In nitrogen’s p sub-shell each orbital contains one electron
(1]

{configuration mark +any 3 of above) [4]

GWCT  Theinformation is organised clearly and coherently, using
specialist vocabuiary where appropriate [1]

=) Atomicspedrum of hydrogenis aseries oflines (1)
that get closeras theirfrequency increases (1)
{credit possible from labelled diagram)

Lines arisefrom atom / electrons being excited by abs orbing energy (1)
electron jumpingupto a higher energy level (1)

falling back down and emitting energy (inthe form of electromagnetic
radiation} {1}

tothen=2 level (1)

{any three points for maximum 3 marks)

Sincelines are discrete energy levels must have fixed values / Since
energy emittedis equal to the difference between two energy levels,
LE is a fixed quantity or quantum (1)

[E]
(c) (i) It has greater nudearcharge (1)
but little / no extra shielding (1) [2]

(ii}  InBe less shielding of outer electron
outweighs smaller nudear charge

—
[y

ar
Be outer electron closerto nudeus (1)
Ee has greater effective nudearcharge (1) [2]
{iii} 1. Too much energyrequiredto form B ion [1]
I.K(g) — K (g} +¢e (11
1. Value of 1% and 3 |.E. will be higher (1)
Yalue of 2™ LE. will be smaller (1)
{acceptlarge jumpinl.E. valuewould be between 2™ and 37
electronsfor 1 mark) [2]

Total [19]
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(a) = Bl is trigonal planar or clear diagram.
=  MNCL; is pyramidal or clear diagram.

= BCl; has 3 bonded pairs
&  NCI; has 3 bonded pairs
# NCl;: has a lone pair

= BCl; has no lone pair

*  Elactron pairs repel to be as far from each other as possible [/ position of
minimum repulsion.

#* Lone pairs repel more than bonded pairs.
First two points and any other 4 for (1) each  up to & max [&]

*  QWC: selection of a form and style of writing approprigte to purpase and to
complexity of subject matter.[1]

= QWC: legibility of text, accuracy of spelling, punctuagtion and grammar, clarity af
meaning.[1] [2]

(b)

3Cis.
TR

"CI;..|= B"CI-

accept crosses and dots exchanged (1)

Electron deficient: outer shell of boron has less than 8 electrons / is not full.(1)  [2]

ic) MHz can form hydrogen bonds with water molecules (so it dissolves) (1)
MCl; cannot form hydrogen bonding. (1) [2]
id] + Covalent has a pair of shared electrons one from each atom (1)

* Coordinate has a pair of shared electrons both electrons from same atom [1)

[]

Total [14]
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