E=l

Exam Papers Practice

3.1The Periodic Table & Periodic Trends

Mark Schemes

Course DPIB Chemistry

Section 3. Periodicity

Topic 3.1The Periodic Table & Periodic Trends
Difficulty Medium

To be used by all students preparing for DP IB Chemistry HL
Students of other boards may also find this useful



Ea]

Exam Papers Practice

The correct answeris C because:

e Elements A-C are in the same period as one anotherand yetinC thep
subshellis full, unlikeinAand B
* Rememberthe trend;
o lonisationenergiesincrease across a period

Ais
incorrect
as

Bis
incorract
as

Dis
incorrect
as

» Nuclear chargeincreases
m Atomic radius decreases
» Stronger attractive forces between the nucleus and outer

electrons

m Largerfirstionisation energies

fewer shells of electrons doesnot
necessarily mean more energy is required
to remove the electrons, rememberthat
ionisation energyincreases across a
period because of the above factors

thereare four 3p electrons - this means
that one of the 3p orbitals will have a pair
of electrons repelling, which leads to a
slightly lowerionisation energy than might
be expected

D is inthe period below elements A-C and
the outer electrons are in the 4s subshell
which is further away from the nucleus, so
easier to remove
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The correct answeris Bbecause:

e The question states thatitis the secondionisationenergy of
magnesium, hence the electronis being removed from the Mg* ion

o Theresultisthe Mg?*ion plus and electron

e The sign of the enthalpy change s positive as energy is required to
remove the electron, hence itis an endothermic process

A&Dare the sign of the enthalpy changeis
incorrectas |incorrect

Cisincorrect the equation shows two electrons
as being removed fromamagnesium
atom

Exam tip: Don't forget to include state symbols in ionization energy
equations as they are part of the definition

For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

The correct answeris Abecause:

e Thereis ageneralincrease in firstionisation energy across a period
because of the nuclear charge increases

e However, thereis aslight reductionin first ionisation energy between
Groups 2 and 3 and between Groups 5and é

e Thisis due theloss of a single p'electroninthe case of Group 3andin
the case of Group 6 due to repulsion experienced by a paired
electronin p orbital

i | 1

e Therefore, sulfurhas a slightly lower firstionisation energy than
phosphorus

e Siliconhas a high melting pointbecause it has a giant covalent
structure so strong covalent bonds must be broken to meltit

e Phosphorus (Ps) and sulfur (Sg) are both simple covalent molecules,
but sulfur has a higher melting point because it contains more
electrons, so the London dispersion forces are stronger

e Theinformation givenis consistentwith X,Y and Zbeing silicon,
phosphorus, sulfurrespectively

Bis
incorrect
as

Cis
incarrect
as

Dis
incorrect
as

the melting points would be increasing
fromMNato Al so Y cannotbe Mg, and the
ionization energy of Alwould be slightly
less than Mg

Y cannot be silicon as it would have the
highest melting point due to its giant
covalent structure, and the ionization
energy would be increasing fromAlto P

Z cannot be silicon as it would have the
highest first ionisationenergy
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The correct answerisC

e The first thing to do is to add +4 electrons onto [Ar] 3d', which gives
you
[Ar] 3d°> 452
o Remember: The 4s sublevelis the first to fill and first to empty
So, make sure you add two electrons to 4s first and then fill 3d
with the remaining two electrons
» This gives an atomwith 23 electrons anditisin the d block (as stated
inthe question), so checking feranelement withan atomic number of
23 and gives you the answer, vanadium

A&Bare although copper and chromium are in

incorrectas thedblock of the periodictable,
copperdoes not form a +4 ion and
chromium’s +4 ion configuration is [Ar]
3d?

Disincorrect althoughsilicon forms a +4ion, itis not

as inthe dblock of the periodic table
andit’s jon electronconfiguration
would be 1s22s22p°® or [Ne]
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The correct answeris C
Melting point:

¢ Silicon has the highest melting point because it is a giant covalent
structure, so to turn silicon from a solid to a liquid you have to break
many strong covalent bonds which require lots of energy

¢ The melting point of the metals (Na, Mg, Al)increases across the
period because the number of electrons delocalised from each
metal atomincreases (1 from Na, 2 from Mg, 3 from Al).

o Therefore, more energy is required to force the delocalised
electrons back into the electron shell

+« Phosphorus and sulfur exist as simple covalent molecules, which
means they have strong covalent bonds within molecules but only
low amounts of energy are required to overcome the Van der Waals
forces between molecules in ordertomeilt the solid
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Electronegativity:

e Electronegativity is ameasure of the tendency of an atom to attracta
bonding pair of electrons

e Electronegativity increases across a period between group 1 and
group /

¢ Thisis because the number of electron orbitals remains the same, but
the nuclear charge increases (because the number of protons
increases)

e This means that phosphorus has the highest electronegativity
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The correct answeris C because:

e Apositiveionis smallerthan a neutral atom whilst a negative ionis

larger
o Li*

<Liand Na* <« Na

o Brr=BrandCl >Cl
¢ |onicradius increases across a period hence we are looking for the
smallest positive ion and largest negative ion.
e |onic radius alsoincreases down a group

o CIr<=Br
o Li*<Na*
Ais Li*is smaller thanLlias Li*t hasoneless shell
incorrect asithaslostits single valence electron. CI°
as islarger than Cl as CI” has gainedan extra
electron but has the same number of
protons reducing its effective nuclear
charge
Bis Nais larger than Lias atomic radius
incorrect increases down Group las Na has anextra |/
as ‘electron shell. Br issmaller thanBr~ asBr-
has an extra electron but the same number
of protons reducing its effective nuclear
charge
Dis MNa'islargerthanlLi* as NaisbelowLiin
incorrect Group 1and Cl is smallerthanBr~ as Bris
as below Clin Group 17. Down a group, the

number of energy levels (n) increases, so
thereis a greater distance between the
nucleus and the outermost orbital
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The correct answeris D because:

e Chlorine has the smallest atomic radius in period 3 (other than argon)
becauseithas the largest number of protons and therefore the
highest nuclear charge

e Abiggernuclear charge means a greater pull on the electrons to the
nucleus, reducing the atomic radius, so atomic radius decreases
across aperiod

e Asargonisunreactive, Xmust be chlorine

¢ Phosphorus (P4) and sulfur (Sg) are simple covalent molecules, so the
melting point is determined by the energy required to break van der
Waals' forces betweenmolecules

¢ However, there are more electronsinsulfur molecules so phosphorus
has alower melting point than sulfur. Only chlorine and argon have
lower melting points in Period 3

e Therefore, the informationis consistent with Y being phosphorous
andZbeingPChk
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The correct answeris Cbecause:

» Arsenic has the electron configuration [Ar] 3d'° 4s% 4p3
e Arsenicisin Group 15 so needs to gain 3 electrons to give it a full outer
shell forming As>
» The electron configuration of As3~ is 3d'0 452 4p®
o Thisisthe electron configuration of the Noble gas, krypton
e Ausefulwaytovisualise thisis as As gains 3 electronsitis equivalent
to it moving the places to the right of As which is Kr. This means As>
has the same electron configuration as Kr
e Negative ions are larger than positive ions
o Galliurm and rubidium form positive ions
o Arsenic and bromine form negative ions
e The more negative the ion, the larger the ionic radius

o As® >Br
Ais galliumisin group 13 so forms the Ga>*ion
incorrect asitneedstolose 3extraelectronsfora
as full outershell.
Bis bromineisingroup 17 so forms the Br-ion
incorrect asitneedstogainanextraelectronfora
as full outer shell.
Dis rubidiumis in group 1so forms the Rb*ion
incorrect asitneedstoloselextraelectron fora full
as outer shell.
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The correct answeris C because:

s TinislocatedinGroup 14 and period 5

¢ The fifth Period corresponds to elements with five energy levels

¢ The shorthand electron configuration of tin shows that the outermost
shellisinPeriod 5

[Kr] 4d1° 552 5p2

¢ Anelementin Group 14 has four outer electrons. Forthe Group
numbers that are ‘teens’ subtract 10 to get the number of outermost
electrons.

Short versions of electron configurations are a handy way to save writing
out the whole configuration for higherelements. Take the nearest noble
gas, writeits symbolinsquare brackets and continue the electron
configuration from there.

[Ar] 2187 252 2p6 352 3p®
[Kri=1s22522p%3s23pf4s23d194ps
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The correct answeris B because:

e The elements are arranged in order of increasing atomic number or
proton number

¢ The charge of the nucleus arises from the positively charged protons,
so the nuclear charge will be the same as the atomic number

Ais
incorrect
as

Cis
incorrect
as

Dis
incorrect
as

although most elements are also in order
of increasing mass, there are a few
exceptions like iodine and tellurium
which are the other way around

reactivity varies according to the group,
so Group lincreases in reactivity down
the group, but Group 17 decreases down
the group

electronegativity increases left to right
acrossthe periodic table, but decreases
down a group. This is a trend not an order
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