Examples of chemical
explanations (1)

The following scheme may be used as the basis of explaining the eight questions included in the worksheets
Explaining chemical phenomena (1).

1. Lithium has a higher melting temperature (454 K) than sodium (371 K).

Lithium has a higher melting
temperature than sodium

A

More energy is needed to disrupt the
metallic lattice in lithium

A

Metallic bonding in lithium is stronger
than metallic bonding in sodium

A

The delocalised electrons are more
strongly attracted to the metal
cations in lithium

A

The lithium cations have a greater
charge density than sodium cations

A

Lithium +1 cations are smaller
than sodium +1 cations
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2. There is stronger bonding, called hydrogen bonding, between molecules of water (H,0O) that between molecules
of hydrogen sulfide (H,S).

There is stronger bonding between
molecules of water than between
molecules of hydrogen sulfide

A

Stronger bonding called hydrogen bonding
is possible between molecules of water
than between molecules of hydrogen sulfide

Hydrogen bonding

The hydrogen
atomic centre
takes on a ‘partial’
charge (6+) and
attracts electron
‘lone pairs’

occurs when a Oxygen
hydrogen atom IS more
is bonded to an electronegative

atom of an than
electronegative sulfur

element
T 7y
The outer

electrons are
nearer the positive
core in oxygen

The electronegative atomic centre pulls
the electron density in the bond away from
the hydrogen atomic centre

N

4 40

<0
RS L C Examples of chemical explanations (1) — page 2 of 8

°Ho



3. The nitrogen atom is smaller than the carbon atom (ie it has a smaller covalent radius - 0.074 nm compared to
0.077 nm).

The nitrogen atom (Z=7) has a smaller
covalent radius than the carbon
atom (Z=6)

A

The outer electrons are (on average)
closer to the nucleus
in the nitrogen atom

A

Nitrogen has a higher core charge
(+5) than carbon (+4)

Nitrogen has a
Both atoms have greater nuclear
2 inner shell charge (+7
electrons compared to +6)
10Co
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4. Chlorine is more electronegative than bromine.

Chlorine is more electronegative
than bromine

Bonding electrons are attracted
more strongly by a chlorine core
than by a bromine core

Both have a
core charge of
+7

Bonding electrons
are closer to the
core in chlorine

Both elements
are in

group
7

Chlorine has one
less electron shell

A

All but 7 of the
electrons shield the
outermost
electrons from the
nuclear charge

Chlorine is in

period 3, and

bromine is in
period 4

RSeC
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5. Ammonia (NH,) is a stronger base than phosphine (PH,).

Ammonia is a stronger base
than phosphine

4

The ammonia molecule has a greater
tendency to attract a positive proton

A

The ammonia molecule has a more
concentrated region of negative charge
(&-) than in the phosphine molecule

A

There is a greater charge separation in
an ammonia molecule

A

N—H bonds are more polar
than P—H bonds

4

Nitrogen is more electronegative than
phosphorus

A

Outer shell electrons are nearer
the core in nitrogen
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6. Magnesium chloride has a larger lattice energy (2489 kJ mol™') than calcium chloride (2197 kjmol ™).

Magnesium chloride has a larger lattice
energy than calcium chloride

A

More energy is required to disrupt the
magnesium chloride lattice

A

The bonding is stronger in magnesium
chloride than in calcium chloride

A

Chloride anions get closer to the centres
of positive charge in magnesium chloride

A

Magnesium 2+ cations are smaller
than calcium 2+ cations

A

Magnesium is in period 3 and
calcium is in period 4

RSeC
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7. More energy is released when sodium ions are hydrated (390 kJmol™) than when potassium ions are hydrated

(305 kJmol™).

More energy is released when sodium
ions are hydrated than when potassium
ions are hydrated

A

Sodium ions are more strongly hydrated
than potassium ions

A

More water molecules bind around the
sodium ion

A

Sodium ions attract water molecules more
effectively than potassium ions

A

Sodium ions have a greater charge
density

Both sodium and Sodium
potassium form +1 lons are smaller
cations

Sodium is in period
3, and potassium
is in period 4

<0

N

4 40
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8. Nitrogen is less electronegative than oxygen.

Nitrogen is less

electronegative

than oxygen

!

Bonding electrons are less strongly
attracted to the nitrogen core

4

A

Oxygen has a greater
core charge

The core charge The core
of oxygen is charge of nitrogen
+6 is +5
A \ / A
Both atoms have
two inner shell
electrons
The nuclear The nuclear
charge of oxygen charge of nitrogen
is +8 is +7

RSeC
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Examples of chemical
explanations (2)

The following schemes may be useful as the basis for explaining the eight included in the worksheet Explaining

chemical phenomena (2)

1. Potassium has a lower melting temperature (336 K) than sodium (371 K).

Potassium has a lower melting
temperature than sodium

A

Less energy is needed to disrupt the
metallic lattice in potassium

A

Metallic bonding in potassium is weaker
than metallic bonding in sodium

A

The delocalised electrons are less
strongly attracted to the metal
cations in potassium

A

The potassium cations have a lower
charge density than sodium cations

A

Potassium +1 cations are bigger
than sodium +1 cations

Examples of chemical explanations (2) — page 1 of 8
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2. There is weaker bonding between molecules of hydrogen chloride (HCI) than between molecules of hydrogen
fluoride (HF).

There is weaker bonding between
molecules of HCI than between
molecules of HF

A

Stronger bonding called hydrogen
bonding is possible between molecules of
HF than between molecules of HCI

Hydrogen bonding _
occurs when a Chlorine
hydrogen atom Is less
is bonded to an electronegative

atom of an tha_n
electronegative fluorine
element
T A
The The outer

electonegative electrons are

atomic centre nearer the positive
pulls the electron core in fluorine

density in the

bond away from
the hydrogen
atomic centre

A

The hydrogen atomic centre takes on a
‘partial’ charge (d+) and attracts electron

‘lone pairs’
O‘OCO
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3. The sulfur atom is larger than the chlorine atom (ie it has a greater covalent radius — 0.104 nm compared to
0.099 nm).

The sulfur atom (Z=16) has a larger
covalent radius than the chlorine
atom (Z=17)

4

A

The outer electron

in the su

s are (on average)

further away from the nucleus

Ifur atom

4

A

Sulfur has a smaller core charge
(+6) than chlorine (+7)

Both atoms have
(2+8=) 10 inner
shell electrons

Sulfur has a
smaller nuclear
charge (+16
cf +17)

Examples of chemical explanations (2) — page 3 of 8
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4. Chlorine is less electronegative than fluorine.

Chlorine is less electronegative
than fluorine
A

Bonding electrons are attracted
less strongly by a chlorine core
than by a fluorine core

Bonding electrons

Both have a
core charge of are further from
+7 the core in
chlorine
A
Both elements Chlorine has one
are in more electron shell
group
7

A

All but 7 of the

electrons shield the Chllorlne IS 1N

outermost perlo_d 3'. af‘d

electrons from the ““"”f‘e IS N
period 2

nuclear charge

RS L C Examples of chemical explanations (2) — page 4 of 8
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5. Arsine (ASH3) is a weaker base than ammonia (NH3).

Arsine is a weaker base
than ammonia

A

The arsine molecule has a smaller
tendency to attract a positive proton

A

The arsine molecule has a less
concentrated region of negative charge
(6-) than the ammonia molecule

A

There is less charge separation in
an arsine molecule

A

As—H bonds are less polar
than N—H bonds

A

Arsenic is less electronegative
than nitrogen

A

Outer shell electrons are further from
the core in arsenic

<0

N

4 40
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6. Potassium fluoride has a smaller lattice energy (813 kJmo|’1) than sodium fluoride (915 kJm0|’1).

Potassium fluoride has a smaller lattice
energy than sodium fluoride

A

Less energy is required to disrupt the
potassium fluoride lattice

A

The bonding is weaker in potassium
fluoride than in sodium fluoride

A

Fluoride anions do not get as close to the
centres of positive charge in potassium
fluoride

!

Potassium 1+ cations are bigger
than sodium 1+ cations

A

Potassium is in period 4 and
sodium is in period 3

RSeC
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7. Less energy is released when sodium ions are hydrated (390 kJmol™) than when lithium ions are hydrated

(499 kJmol™).

Less energy is released when sodium
ions are hydrated than when lithium
ions are hydrated

A

Sodium ions are less strongly hydrated
than lithium ions

A

Less water molecules bind around the
sodium ion

A

Sodium ions attract water molecules less
effectively than lithium ions

A

Sodium ions have a lesser charge
density

Both sodium and Sodium
lithium form +1 ions are larger
cations

Sodium is in period
3, and lithium is in
period 2

<0

N

4 40
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8. Chlorine is more electronegative than sulfur.

Chlorine is more electronegative
than sulfur

Bonding electrons are more strongly
attracted to the chlorine core

Chlorine has a greater
core charge

The core charge
of chlorine is
+7

The core
charge of sulfur is
+6

N

/ A

Both atoms have
(2+8=) 10 inner
shell electrons

The nuclear
charge of chlorine
is +17

The nuclear
charge of sulfur is
+16

RSeC
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Explaining chemical
phenomena (1)

Chemists use their models and theories to try and explain phenomena about chemical systems. Suggest an
explanation for each of the following (you may find it useful to refer to a periodic table):

1. Lithium has a higher melting temperature (454 K) than sodium (371 K).

2. There is stronger bonding, called hydrogen bonding, between molecules of water (H,0) than between molecules

of hydrogen sulfide (H,S).

3. The nitrogen atom is smaller than the carbon atom (ie it has a smaller covalent radius — 0.074 nm compared to
0.077 nm).

4. Chlorine is more electronegative than bromine.

Explaining chemical phenomena (1) — page 1 of 2 RS o C



5. Ammonia (NH,) is a stronger base than phosphine (PH,).

6. Magnesium chloride has a larger lattice energy (2489 kjmol™") than calcium chloride (2197 kjmol™).

7. More energy is released when sodium ions are hydrated (390 kJmol™) than when potassium ions are hydrated
(305 kJmol™).

8. Nitrogen is less electronegative than oxygen.

O‘OCO
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Constructing chemical
explanations

Chemists use models and theories to try and explain phenomena about chemical systems. Although chemists seems
to use a wide range of different models and theories, many of them are based on the same few basic principles.

If you can learn about these basic ideas you can use them as ‘tools’ to build up chemical explanations.

Some basic ideas used in explaining chemistry

The importance of size and charge
A large number of chemical phenomena can be explained, at least partly, in terms of simple ideas like the size and
charge on ions or other particles.

Charge density

If two ions have the same charge, but are different in size, then the smaller one is said to have a greater density of
charge. The ion with the greater density of charge can often have a greater effect — if it can get up close to other ions
or molecules.

An ion with greater charge density can form a stronger bond with an oppositely charged ion. This can lead to a
more stable ionic lattice, which therefore requires more energy to disrupt. (So the lattice energy of magnesium

chloride is greater than the lattice energy of calcium chloride - as the Mg** ion, which is smaller, has a greater

charge density than the Ca”* ion, even though they have the same charge.)

If the ions are of similar size, but have a different charge the one with the greater charge will have the larger charge
density, and may be able to form stronger bonds.

When ionic materials dissolve in water the ions are hydrated (surrounded by water molecules which bond to them).
The greater the charge density of an ion the more water molecules will bond to it, and the more energy will be
released when a material with that type of ion dissolves.

These ideas do not always help us predict what will happen in experiments, as sometimes there are several effects
operating at once. For example, an ion with a greater charge density can be hydrated more (which would make the
material more soluble) but will usually bond more strongly to oppositely charged ions (which would make the
material harder to dissolve!)

In some books the terms charge:size (charge to size ratio) or charge:volume (charge to volume ratio) may be used
instead of charge density.

Core charge

Many chemical processes can be — at least partly — explained in terms of the charges in the ions or molecules
involved. Atoms are neutral, but separate atoms are seldom involved in chemical processes. Usually we are
concerned with ions or molecules.

In what ways are ions and molecules like atoms, and how are they different?

Atoms may be thought of as a positive nucleus surrounded by several shells of electrons. (Of course, the electronic
structure is more complicated than that, with different types of orbitals. However, it is often useful to think in terms
of shells.) Most of the time the nuclei of the atoms do not change (and when they do this is studied by physicists).
Usually only the outermost shell of electrons, the valence shell, is changed in chemical processes. The nucleus and
all the inner shells are usually not significantly changed.

The term core is used to describe the nucleus of an atom, plus all the electrons that are not in the outer (valence)
shell.

The charge on an atomic core is called the core charge.

It is often useful to know what the core charge is. The core charge will equal the positive charge on the nucleus plus
the negative charge of all the inner-shell electrons.

<0C
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The table shows how to calculate core charge.

Complete the table.

Number Number of | Number To calculate
Atomic | Number | of Electronic outershell of core core Core
Element |Number | of protons | electrons | configuration | electrons electrons charge charge
E z n, n, e.c. n, n.(=n-n_) n-n.= c.c.
H 1 1 1 1 1 0 1-0 = +1
He 2 2 2 2 2 0 2-0= +2
Li 3 3 3 2.1 1 2 3-2= +1
Be 4 4 4 2.2 2 2 4-2 = +2
B 5 5 5 2.3 3 2 5-2 = +3
C 6 6 6 2.4 2 +4
N 7 7 7 5 2 7-2 = +5
O 8 8 8 2.6 6 2 8-2 =
F 9 9 9 2.7 +7
Ne 10 10 10 2.8 10-2 =
Na 11 11 11 2.8.1 1 10 11-10 = +1
Mg 2.8.2 2 10 12-10 = +2
Al 13 13 13 2.8.3 10 +3
Si 14 2.8.4 4 +4
P 2.8.5 10
S 6 10
Cl 2.8.7 +7
Ar 18 18 18 2.8.8 8 10 18-10 = +8
K 19 2.8.8.1 1 18 19-18 =
Ca 20 20 20 2 +2
o9%o
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The diagram below shows the symbols for the first 20 elements. Using the table on the
previous page, complete the diagram by adding the core charges that are not shown.

Can you spot any pattern?

Core charge for the

Electronegativity

One of the most useful chemical concepts is that of electronegativity.

H He
+1 first 20 elements +2
Li [Be|B |C [N [O |F |Ne
+1 |42 +4 [ +5 +7 [+8
Na|Mg|Al |Si |P |S [CI |Ar
+1 |+2 |+3 [+4 +7 [+8
K [Ca

+2

Electronegativity is the tendency of an element to attract the bonding electrons towards

itself in compounds.

The electronegativity of an element depends upon how strongly the outer (valence)
shell electrons are attracted to the core. The greater the charge on the core, and the
nearer the outer shell of electrons are, the more strongly they are bound to the core.

Electronegativity is therefore greater at the top of a group (where the outer shell of
negatively charged electrons is pulled closest to the positively charged nucleus) and to
the right of a period (where the core charge is greatest):

Approximate core charge
density for some of the elements

@x@g@: ® T

Be(B |C [N |O |F
®|©|® | |E® @
Mg|Al |Si |P |S |CI
BICICICIC@)
Ca
2

o
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Bond polarity in terms of electronegativity

Where the electrons in a bond are pulled equally by both cores, the
bond is non-polar.

For example in F, both the atoms of fluorine have cores of the same
size and charge.

However, in the molecule of CF, the fluorine atoms have a more
highly charged core , and the bonding electrons are pulled closer to
the fluorine cores than carbon core, The bonds are polar. This can be
represented as:

The inter-halogen compound CIF also has a polar bond. Although
the cores of both atoms have the same charge, the fluorine core has
a higher charge density. This can be represented as:

o+ o

Cl—F

<0C
] o
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Building up chemistry explanations

Many of the explanations we construct in chemistry use ideas such as charge density, core charge and
electronegativity. Many explanations can be built up using just a few basis ideas. Certain key phrases can be used as
tools for building up explanations. (This does not mean you can just pick any key phrase: you have to understand
the chemistry, and select the right phrases for a particular explanation!)

Consider the question: why do water molecules bond together?

Water molecules bond together because they are polar.

Water molecules are polar because the hydrogen-oxygen bond is polar.

The hydrogen-oxygen bond is polar because oxygen is more electronegative than hydrogen.
Oxygen is more electronegative than hydrogen because oxygen has a larger core charge.

This is not a ‘complete’ explanation. It would be possible to explain in more detail about the core charge (eg oxygen
has a core charge of +6 because it has a nucleus of charge +8 , partly shielded by 2 electrons in the core). It is also
important to know that a molecule with polar bonds is not always a polar molecule! (So the molecule of CF,
discussed above has four polar bonds, but overall the molecule is non-polar.) The explanation above could be
improved by adding:

... Water molecules are polar because the hydrogen-oxygen bond is polar, and the water molecule has two polar
bonds which do not cancel out ...

This theme could also be continued...

... The two polar bonds do not cancel because the water molecule is angular.

The water molecule is angular because there are four electron pairs in the oxygen outer shell.
There are two non-bonding (lone) pairs as well as the two pairs of bonding electrons ...

So even a simple question could have a very complicated answer if we want to give a full and detailed explanation.
You do not normally need to do this, although it can be good practice in testing how well you understand your
chemistry.

o o
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Charting your explanations

If some explanations seem rather complicated, you may find it helps to break the explanation down into steps,
which can be put into a flow chart. In the example below, the phenomenon to be explained is written at the top of
the box, and each arrow may be read as a ‘because’.

Although such a scheme may seem complicated, it helps to learn to think about the individual steps in the

Water molecules bond to each other

Water molecules are polar

O-H bonds
are polar

Water is an
angular
molecule

Oxygen is more
electronegative
than hydrogen

There are four
electron pairs in
the oxygen outer

shell

T

Oxygen has a
core charge
of +6

Hydrogen has
a core charge
of +1

explanations. If you can understand the steps you can learn to put together such schemes.

For example consider the question: why does water have a higher boiling temperature than would be predicted from
its molecular mass?

You may know that it is because the hydrogen bonding in water holds the molecules together, so that more energy
is needed to separate the molecules. In other words, we can amend the scheme above.

RSeC
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Water has a relatively
high boiling temperature

!

Water molecules bond to each other

!

Water molecules are polar

O—-H bonds Water |Is an
are polar angular
molecule

There are four
electron pairs in
the oxygen outer
shell

Oxygen is more
electronegative
than hydrogen

T

Oxygen has a Hydrogen has
core charge a core charge
of +6 of +1

Some key phrases

The following phrases are examples of some of those that may be useful in constructing
explanations (you may want to add to this list):

m  has strong(er)/weak(er) bonding
m is more/less electronegative

m  has a higher/lower charge density
m  has a larger/smaller core charge

m  electrons are nearer/further from the nucleus

o o
A g Constructing chemical explanations — page 7 of 7 RS o C



$OAITRWLIOJUT DIOW ]I 9)BW OS pUE ‘|IB1ap BIXD 9PN|DUI 0] BUIBYDS Y} MEIPAI NOA ueD)

suoned T+ WNIpos uey)

(o]

\Y Co

P-“
v

-

]
E
>

Ja|[ews are suoned T+ Wniyi

\4

suones wnipos ueyl Alisuap abreyd
® aARY Suoned wniyll| ayl

A 4

winiyy| ur suoned

[e1aw ay1 01 paloe.ne Albuons
2J0W aJe SU0J1D9|d PasI[ed0|ap ayL

A 4

WiNIPOs ul Buipuog 2ljje1aw uey)

Jabuons siI wniyy ul Buipuoq oljrelsin

A 4

ur adme| dljelsw
ay) 1dnusip 01 papaau si AB1aua alo

A\ 4
wnipos ueyl ainieladwa)
Bunjaw Jaybiy e sey wniyi

‘™ L£€) winipos
uey (Y +S¥) ainjesadwal Sunjaw Jaysiy e sey winiyi] Aym urejdxa pue A1y spiom umo InoA uj

“(Y9[) dwdayds ayy ul spJom 3uissiw ay) a19|dwo)

wnipos uey) dinjesddwa) Sunypw 1aysiy e sey wniyyj yeyy Suturejdxy *

suonjeue|dxa gunajdwo)

Completing explanations — page 1 of 8

RSeC



3OAIIBULIOJUI BIOW }I 9XEW OS PUE ‘|IBIDP BJIXS 9PN|DUI O] BWSYDS 3} MBIPAI NOA ueD)

“(S°H) apuIns uaBoipAy Jo saNdsjoWw UsaMIBG URY) (O°H) J91BM JO S9|NJ9J0W USIMIB]
Suipuoq uadoipAy pajeo Suipuoq 1aduo.s st 1oyl Aym utejdxa pue A1} SPIOM UMO INOA U]
“(Yo[) dwdyds ayy Ul spiom 3uissiw ayy a39|dwo)

Amm_._v apuyns uago.pAy Jo sa|NdIJOW UIIM]I( uey} AONIV 13jem Jo sa|ndajow
u3aM}aq ‘Suipuoq uagoapAy pajjed ‘Suipuoq 133uo.)s si 313y} yey) Suiurejdxy g

suonjeuejdxa sudjdwo)

2.11uad Jlwore uabolpAy ay
woJj Aeme puog auy} Ui Ausuap uondI8a ay}
s|ind anuad olwole aAehau01dv|e ay L

A\

Sired auo),
uo.o9|e seme

pue (+Q) abureyo
uabAxo ui 8109 Jeied, e uo soxey
annsod sy} Jareau 21)U32 JJWOJe
ale suoJ9[a E—
Jano ayL ayL
A4 \
SETNETE
annebauoio9e
uey ue Jo woje
anebauoindale ue 0} cwucog>w_
2I0W S| wore uaboipAy
B USYM SIN290
Buipuoq uaboipAH

apiyns uabolipAy Jo sajndajow usamiaq
uey} Jajem Jo Sajndajow Uaamiaq
a|qissod si Buipuoq JabBuons

!

apyns uaboipAy Jo sandsjow usamiaq
uey) Jajem Jo sajndajow usamiag Buipuoq
uabolpAy pajes Buipuog t1abuouis s aiayl

RSeC

Completing explanations — page 2 of 8

oP»
(&
)

oyd



39AIIBULIOJUI DIOW JI 3)EW OS PUB ‘[IBJ9pP BJIXS 9PN|DUl 0) SWBYDS Y} MEIPaI NOA ueD)

‘wole uoqJed ay) uey} Ja[Jews si woje uadoniu ayr Aym urejdxa pue A1} SpIom UMO INOA U]
“(Y3]) dwayds sy Ut spiom 3uissiw ayy 3l dwo)

(wu ££0°0 03 pa4edwod wu 0’0 — SNIpeJ JuUd|eA0D J3||ews e
sey }1 3/) woje uogJed 3y} uey) J3jjews si woje uddospu 3y yeyy Sulurejdxy ¢

suonjeuejdxa gunajdwo)

/+) abreyo

(9+ 01 paredwod

larealb
e sey uaboniN

suoJ109|9
[I2Ys Jauul
aAey swole yjog

(7+) uoqued ueyy (G+)

ab.eyd a109 1ayb

Iy e sey uabonIN

A

A

wore usaBoniu ay) ul

snajonu ay)
(ebeiane uo) are s

uo.J1d9|e 19lN0 ay |

A

(9=2)
uogJed ay) ueyl

wore
snipeJ 1Us[eAod

J3jrews e sey (2=7) wole uaboniu ayl

(o]

\Y Co

P-“
v

-

]
E
>

Completing explanations — page 3 of 8

RSeC



3OAIJBULLIOJUI BIOW }I 9XEW OS PUE ‘|IBIDP BJIXd 9PN|DUI O] BWSYDS 3} MBIPAI NOA ueD)

‘aulwolq UeY) 9A11E3aUO0I09|9 210w SI dULIO|Yd Aym ule|dxa pue A1} SPIOM UMO INOA u|
“(Ya]) dWaYds dY} Ul splom duissiw ayy 939|dwo)

aulwo.q uey) 3AIE33U0.11I3]3 dtow si uLio|yd Jey) Sulurejdxy “p

suonjeue|dxa gunajdwo)

abueyo Jeappnu

¥ pouad
Ul I BUILIOI] aY}1 Wolj Suoso9a
pue ‘g pouad 1SowaINo
Ul 1 BULIOJUD 3y} paIys suonos|e
|ayrjo L Inq ||V
A4
lI|ys )

U0J129|3 SS8| BUO
sey

ul ale
sjusWa|d Llog

ul 8109
a1 0] 13so|d ale
suonoaje Buipuog

Jo abreyd alod
e aney yiog

91092 aulwoig e Ag ueyl
2102 aulojyo e Aq Ajbuons
paloeie ale suoias|e Buipuog

aulwoiq uey)
anireBauoi0s[e aiow Si auLIo|YD

RSeC

Completing explanations — page 4 of 8

oP»
(&
)

oyd



39AIIBLLIOJUI DIOW JI 3EW OS PUB ‘[IB]9p BJIXS 9PN|DUl 0] SWBYDS Y} MEIPaI NOA ueD)

“(*Hd) auiydsoyd uey) aseq 1a8uos e si (FHN) elUOWWE Aym ure|dxa pue Al) SpIOM UMO INOA U]

“(Ya]) dwiayds ay} ul spJom duissiw ayy a39|dwo)

(*Hd) auydsoyd uey aseq 13guoas e si ((HN) euowwe Jeyy Suiurejdxy g

suonjeuejdxa sunajdwo)

usBoaiu ul 8102 3y}
lareau ale suond3d ||8ys JaINO

Y

snioydsoyd
ueyl alow si usboaN

A 4

SpUOq H—d Uey)
JIejod aJow aJe spuoq H—N

a|noajow ue
ul uonesedas abueyd Jayealb e sl alayl

Y

ajnasjow aulydsoyd ay1 ul ueyl
(—Q) abureyd annebau Jo uoibal parenuasuog
2J0W B Sey 9|NJ3jow BlUOWWER 3y |

A 4

uojoid aanisod e 10e.R 0] Aouspus)
Jarealb e sey anoajow ayl

Y

aulydsoyd ueyl
ase(q labuons e si eluowwy

(o]

\Y Co

P-u
v

-

]
E
>

Completing explanations — page 5 of 8

RSeC



3OAIIEWLIOJUI DIOW 1 9XEW OS PUE ‘[I1BJ9P BAIXD SPN[DUl 0) WIS Y} MBIPAI NOA UED)

 pouad ur sI wniofes

pue ¢ poliad ul sI wnisaubep

A 4

SuOoNed +g WNIoed uey)

aJe suoned +¢ wnisaubep

apuojyo ul abueyd aanisod

10 S81U32 8y} 0] 18s0|d 186 suolue apLojyD

A 4

3pPLIOJYD WNIoMed Ul uey) apliojy?

wnisaubew ul Jebuons si Buipuog ay L

201me| apuo|yd

ay1 1dnusip 01 paJinbai sI ABlaua aloN

A 4

aplojys wnioed ueyy Abisus
aone| Jable| e sey aplLojyo wnisaubep

*9pLIO|YD WiNId[ed
ueyy A31aua 90| Jadie| B Sey apliojyd wnisaudew Aym urejdxa pue A1} SPIOM UMO INOA U]

“(Ya]) dWaYds ay} Ul splom Guissiw ayy 939|dwo)

(,_lowfy £61Z) 3pH0Jyd> wnided ueyy (_jow
6817) A313ud 3d1)3e] 4384e| B sey apriojyd wnisaugew jeyy Sulurejdxy -9

suonjeue|dxa gunajdwo)

RSeC

Completing explanations — page 6 of 8




3OAIJBLLIOJUI DI0W }| SXEW OS PUE ‘|1BI9P BJIXS 9PN|DUI O} dWSYDS 3} MEIPAI NOA ueD)

‘palelpAy ade suol wnissejod usym uey

pajeIpAy ale SUOI WNIPOS Uaym pased]al si A31aua alow Aym urejdxa pue A1} SpIom UMO InoA uj

“(Y3]) dwidaYds ay} Ul spJom Guissiw oy} a39|dwo)

(,_lowf] SO€) parepAy aae suol wnissejod usaym uey (,_jowp] 06€)
pajelpAy d4e suol WNIPos UAYM pasedad s ASI2ud diow Jey) w:_c_s_c_xm_ ‘L

suonjeuejdxa sunajdwo)

¥ pouad ui s
wnisselod pue ‘g
pouad ui S| wnipos

suoneo
lajews ale suol T+ Wio} wnissejod
pue wnipos yiog

Asuap abueyo
Jar1ealb e aney suol

A 4

suol wnisseiod ueyl AjoAndaya
2I0W S3|N23j0W JaleM Jorne Suol WnIpos

A4

uo!l WNIPoS 8yl punoJe
puiq Sa|noajowW Jayem

suol ueyl
parelpAy A|buoais aiow ale suol WnNipos

A 4

parelpAy ate suol
wnisselod uaym uey) pajelpAy ale suol
WINIPOS uaym pasesjal sI ABiaua alop

(o]

\Y Co

P-“
v

-

]
E
>

Completing explanations — page 7 of 8

RSeC



3OAIJBULIOJUI SIOW }I 9XEW OS PUE ‘|IBIDP BJIXS 9PN|DUI O] BWSYDS 3} MBIPAI NOA ueD)

‘ua8AX0 uey) 9A11EZ9U041D9D $S9| SI UadonIu Aym ure|dxa pue A1} SPIOM UMO INOA U|
“(Y3]) dwiaYyds sy Ul spiom 3uissiw ayy aa|dwio)

‘uddAxo uey) 3A1}L33U0.4123|3 SSI| SI uIgo.a}u Jey) Sulurejdxy g

suonjeue|dxa gunajdwo)

s
uabouu jo abieyo
Jeajonu ayl

8+ Sl
uabAxo jo abieyo
syl

suoJ09|9
[Iays Jauul omy
aney swoje ylog

o

G+ Sl
uabounu jo abreyo
ayL

/|

sI uabAxo Jo
abueyd a100 ay |

abieyd 2100

Jarealb e sey

9100

ay 01 paroeie

AlBuoiis ssa| ale suonds|e buipuog

h

uabAxo ueyl
annebauoi109|e ssa)| SI uaboulN

RSeC

Completing explanations — page 8 of 8

oP»
(&
)

oyd



Explaining chemical
phenomena (2)

Chemists use their models and theories to try and explain phenomena about chemical systems. Suggest an
explanation for each of the following (you may find it useful to refer to a Periodic Table).

1. Potassium has a lower melting temperature (336 K) than sodium (371 K).

2. There is weaker bonding between molecules of hydrogen chloride (HCI) that between molecules of hydrogen

fluoride (HF).

3. The sulfur atom is larger than the chlorine atom (ie it has a greater covalent radius — 0.104 pm compared to

0.099 pm).

4. Chlorine is less electronegative than fluorine.
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5. Arsine (Ang) is a weaker base than ammonia (NH3).

6. Potassium fluoride has a smaller lattice energy (813 kJmol™) than sodium fluoride (915 kjmol™).

7. Less energy is released when sodium ions are hydrated (390 kjmol™") than when lithium ions are hydrated
(499 kJmol™).

8. Chlorine is more electronegative than sulfur.
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