Periodicity and Bonding Past Paper Questions

Trends in the Periodic Table
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The diagram shows the melting points of successive elements across a period in the
Periodic Table.

Melting
point/°C

12345670
Group number

Which of the following is a correct reason for the low melting point of element Y?

It has weak fonic bonds
It has weak covalent bonds

It has weakly-held outer electrons

It has weak forces between molecules

o N ® >
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Which of the following elements has the greatest attraction for bonding electrons?

A Lithium
B Chlorine
C  Sodium
D Bromine
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For elements in Group 7 of the Periodic Table, which of the following statements is
true as the group is descended?

The boiling point decreases.
The covalent radius decreases.

The electronegativity decreases.

The strength of London dispersion forces decreases.

o naw >
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Which of the following statements is true?

The potassium ion is larger than the potassium atom.
The chloride ion is smaller than the chlorine atom.
The sodium atom is larger than the sodium fon.

o N o >

The oxygen atom is larger than the oxide ion.
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The elements nitrogen, oxygen, fluorine
neon

A can form negative ions

B are made up of diatomic molecules
€ have single bonds between the atoms
D are gases at room temperature.

and
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As the atomic number of the alkali metals
increases

aw

=}

the first ionisation energy decreases
the atomic size decreases

the electronegativity increases
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Which of the following equations represents the
first ionisation energy of fluorine?

A F(g) - Flg) + ¢
B F(g) - §Fye) + ¢
C Flg) - Fi(g) + ¢
D iFyg) = F'g) + ¢
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‘Which line in the table shows the successive
fonisation energies of a group 3 element?

Ionisation energy/kJ mol ™!

1st 2nd 3rd 4th
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The spike graph shows the variation in
successive ionisation energies of an clement, Z.

Tonisation energy/k] mol

Tst 2nd 3rd 4th Sth 6k
Electron removed

In which group of the Periodic Table is
clement Z2

A

B
c
D

1
3
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For clements in Group 7 of the Periodic
Table, which of the following statements is
true as the group is descended?

A

B
c
D

The boiling point decreases.
The covalent radius decreases.
The electronegativity decreases.

The strength of London dispersion forces
decreases.
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(a) Graph 1 shows the sizes of atoms and ions for elements in the third

period of the Periodic Table.
Graph 1
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0 ionic radius (pm)

The covalent radius is a measure of the size of an atom.

(i) Explain why covalent radius decreases across the period from
sodium to chlorine.

(i) Explain fully why the covalent radius of sodium is larger than the
fonic radius of sodium.
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(continued)

(b) Graph 2 shows the first and second ionisation energies of elements in
Group 1 of the Periodic Table.

Graph2

g
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W First fonisation energy

O Second ionisation energy

§

Mp

Al

L Na K Rb Cs
Element.
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() Explain why the first ionisation energy decreases going down
Group 1.

(i) Explain fully why the second ionisation energy is much greater
than the first fonisation energy for Group 1 elements.
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(continued)
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(i) Explain why the covalent radius of sulfur is smaller than that of
phosphorus.
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Common salt, NaCl, is widely used in the food industry as a preservative and
flavour enhancer.

(a) () Write the ion-electron equation for the first ionisation energy of
sodium.

(i) Explain clearly why the first ionisation energy of sodium is much
lower than its second ionisation energy.
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Cyanoacrylate adhesives are a range of high performance “super glues”.

In its liquid form, super glue consists of cyanoacrylate monomers that
rapidly polymerise in the presence of water to form a strong resin that joins
two surfaces together.

Cyanoacrylates have the general structure

where R is a hydrocarbon group, eg -CH.
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Super glue can be removed from the skin using propanone as a
solvent.

He™ CH,

Name the main type of van der Waals’ forces that would be
formed between propanone and super glue.
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Volcanoes produce a variety of molten substances, including sulfur and silicon

dioxide.

(a) Complete the table to show the strongest type of attraction that is broken when
each substance melts.

N Strongest type of attraction

Substance | Melting point ()| 1, \yen when substance melts.
sulfur 13
silicon dioxide 1610

(5) Voleanic sulfur can be put to a variety of uses. One such use involves reacting
sulfur with phosphorus to make a compound with formula P,S;.

(i) Draw a possible structure for P,S,.

(i) Explain why the covalent radius of sulfur is smaller than that of
phosphorus.

(iii) The melting point of sulfur is much higher than that of phosphorus.

Explain fully, in terms of the structures of sulfur and phosphorus
molecules and the intermolecular forces between molecules of each
element, why the melting point of sulfur is much higher than that of
phosphorus.
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Patterns in the Periodic Table

The periodic table is an arrangement of all the known elements in order of
increasing atomic number. The reason why the elements are arranged as they are in
the periodic table is to fit them all, with their widely diverse physical and chemical
properties, into a logical pattern.

Periodicity is the name given to regularly-occurring similarities in physical and
chemical properties of the elements.

Some Groups exhibit striking similarity between their elements, such as Group 1,
and in other Groups the elements are less similar to each other, such as Group 4,
but each Group has a common set of characteristics.

Adapted from Royal Society of Chemistry, Visual Elements (rsc. org)
Using your knowledge of chemistry, comment on similarities and differences

in the patterns of physical and chemical properties of elements in both Group 1 and
Group 4.
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Information about four elements from the third period of the Periodic Table is

shown in the table.

Element aluminium | silicon | phosphorus [  sulfur
Bonding covalent covalent
Structure lattice ‘molecular

(a) Complete the table to show the bonding and structure for each element.

(B) Why is there a decrease in the size of atoms across the period from aluminium

to sulfur?
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Attempts have been made to make foods healthier by using alternatives to
traditional cooking ingredients.
(@) An alternative to common salt contains potassium ions and chloride ions.

() Write an ion-clectron equation for the first ionisation energy of
potassium.

(i) Explain clearly why the first ionisation energy of potassium is smaller
than that of chlorine.
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“The Periodic Table allows chemists to make predictions about the properties of
elements.

(a) The elements lithium to neon make up the second period of the Periodic
Table.

Li|Be|B|C|N|O|F|Ne

() Name an element from the second period that exists as a covalent
network.

(i) Why do the atoms decrease in size from lithium to neon?
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(5) On descending Group 1 from lithium to caesium, the electronegativity of the
elements decreases.

Explain clearly why the electronegativity of elements decreases as you go
down the group.
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Which line in the table is correct for the polar covalent bond in hydrogen chloride?

R | ovseren
A sa i
B Hi—cl oy
c s ol
o Hi—a ol
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Which of the following compounds has the greatest fonic character?

A Caesium fluoride
B Caesium iodide
€ Sodium fluoride
D Sodium iodide
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Which of the following is not an example of a van der Waals' force?

Covalent bond

Hydrogen bond
London dispersion force

on® >

Permanent dipole - permanent dipole attraction
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Which of the following has more than one type of van der Waals force operating
between its molecules in the liquid state?

A Br—Br

B 0=(=0

4 Ny
L
b H
{
wotm
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Which type of bonding is never found in elements?

A Metallic

8 London dispersion forces
C Polar covalent

D Non-polar covalent
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Which of the following is not an example of a Van der Waals’ force?

Covalent bonding

Hydrogen bonding
London dispersion forces

o naw >

Permanent dipole-permanent dipole interactions
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Which type of bonding is never found in elements?

London dspersin orces
Poar covlent
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The shapes of some common molecules are shown below and each contains at least
one polar bond.

Which molecule is non-polar?

A 0=C=0
8 o
/N
H H
c H—a
) H
¢
7\t




image37.png
Which of the following chlorides is likely to
have least ionic character?

A

B
c
D

Becl
cact,
Lict
ca
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‘Which of the following elements would have
the strongest London dispersion forces?

A

B
c
D

Argon
Chiorine
Nitrogen
Osygen
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The shapes of some common molecules are
shown below and cach contains at least one
polar bond.

Which molecule is non-polar?

A o=c=0
5 o
/N
W
¢ w-a
vy
I3
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Which of the following clements exists as
discrete molecules?

A Boron
B Carbon (diamond)
C  silicon
D Sulfur
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The structures for molecules of four liquids
are shown below.

Which liquid will be the most viscous?

Sy
P
]
hodonh
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Phosphine (PH,) is used as an insecticide in the storage of grain.

Phosphine can be produced by the reaction of water with aluminium
phosphide

AIP(s) + 3H,0(0) — > PHy(g) + A(OH),(aq)

(a) State the type of bonding and structure in phosphine.
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Volcanoes produce a variety of molten substances, including sulfur and

silicon dioxide.

(a) Complete the table to show the strongest type of attraction that is
broken when each substance melts..

Melting point | Strongest type of attraction broken
Substance €0) when substance melts

sulfur 13

siticon dioxide | 1610

(b) Volcanic sulfur can be put to a variety of uses. One such use involves
reacting sulfur with phosphorus to make a compound with formula P.S;.

(i) Draw a possible structure for P,S;.
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(b) (continued)

(i) The melting point of sulfur is much higher than that of
phosphorus.
Explain fully, in terms of the structures of sulfur and phosphorus
molecules and the intermolecular forces between molecules of
each element, why the melting point of sulfur is much higher than
that of phosphorus.
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(c) The familiar chlorine smell of a swimming pool is not due to chlorine
but compounds called chloramines.  Chloramines are produced when the:
hypochlorite ion reacts with compounds such as ammonia, produced by
the human body.

0Cl(aq) + NHj@) - NHClag) + OH(aq)
‘monochloramine

OC(@q) + NHCl@q) — NHCh@g) + OH(aq)
dichloramine

0Cl(aq) + NHCh(aq) — NCh(ag) — + OH(aq)
trichloramine

Chloramines are less soluble in water than ammonia due to the
polarities of the molecules, and so readily escape into the atmosphere,
causing irritation to the eyes.

(i) Explain the difference in polarities of ammonia and trichloramine
‘molecules.

trichloramine
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Particles with the same electron arrangement are said to be isoelectronic.
Which of the following compounds contains ions which are isoelectronic?

A Nas
B MgCl
C Ker

D CaCl,
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Sodium is the first element in the third period of the periodic table.

Na Mg Al Si 3 s <} Ar

(a) Describe the trend in electronegativity values across this period from Na
toCL.

(b) Name the element in the third period that has a covalent network
structure.

(©) The spike graph shows the first four onisation energies for aluminium.

lonisation energy
(kJ mol)

45t gnd 3 gn
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Explain why the fourth fonisation energy of aluminium is much higher
than the third ionisation energy.
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Hydrogen cyanide is highly toxic.
‘molecules of nitrogen gas both have 14 electrons.

@

Molecules of hydrogen cyanide and

Structure Boiling point (°C)
Hydrogen cyanide 27
Nitrogen —196

Explain why the boiling point of hydrogen cyanide is much higher than the

boiling point of nitrogen.

In your answer you should mention the intermolecular forces involved and
how they arise.
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(i) Explain the difference in polarities of ammonia and trichloramine
‘molecules.

N

N
~'H el
HTON a” NG

ammonia trichloramine
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The boiling point of hydrogen fluoride, HF, is much higher than the boiling
point of F.

H—F F—F

boiling point: 19-5°C boiling point: ~188°C

Explain fully why the boiling point of hydrogen fluoride is much higher than
the boiling point of fluorine.

In your answer you should mention the intermolecular forces involved and
how they arise.
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When conditioner containing behenic acid is applied to hair, the behenic
acid molecules make strong intermolecular hydrogen bonds to the keratin
protein molecules.

On the diagram below use a dotted line to show one hydrogen bond that
could be made between a behenic acid molecule and the keratin.
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“The structures below show molecules that contain chlorine atoms.

l‘l (‘Il
C. C.
AN TN,
cl @ ‘Cl (e} a ‘C1
trichloromethane tetrachloromethane

(@) The compounds shown above are not very soluble in water. Trichloromethane
is around ten times more soluble in water than tetrachloromethane.
Explain clearly why trichloromethane is more soluble in water than
tetrachloromethane.

Your answer should include the names of the intermolecular forces involved.
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(b) Hydrogen sulfide gas produced from iron(IT) sulfide is often contaminated
with hydrogen gas and gaseous arsenic compounds.

(i) Arsenic(I11) sulfide is an orange-yellow powder which is insoluble in
water. Below 310°C it can sublime, turning from a solid to a gas.

Name the type of bonding and structure present in arsenic(ITI) sulfide.
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(b) Liquid hydrogen sulfide has a boiling point of =60°C.
s
N
s 1

Name the strongest type of intermolecular force present in liquid hydrogen
sulfide and state how this force arises.
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The elements nitrogen, oxygen, fluorine and neon

can form negative ions
are made up of diatomic molecules
have single bonds between the atoms

o N ® >

are gases at room temperature.
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Which of the following equations represents the first ionisation energy of fluorine?
A F(g)—>F(g+e

B Fle—ihe e

C Flg »Fig+e

D IR -F@ e
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Which of the following atoms has least attraction for bonding electrons?

A Carbon
B Nitrogen

C Phosphorus
D Silicon
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In which of the following molecules will the chlorine atom carry a partial positive
charge (6+)?

A Cl-Br
B Cl-Cl
C Ca-F
D Cl-l




