2020 Scholarship Examination Paper

CHEMISTRY

26 February - 27 February 2020

Time allowed - 30 minutes

Read the text carefully (you may wish to annotate or highlight certain
sections) and then solve the questions relating to it.
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The building blocks of matter around us are a type of particle called the atom. Atoms are very
small and are themselves composed of a number of so-called subatomic particles. Different types

of atoms (elements) are distinguished by having different numbers of subatomic particles.

The three subatomic particles are: protons, neutrons and electrons which, according to a simple

model, are arranged as shown in the diagram below.

[T nucleus @ = proton (relative charge = +1)
\ containing: @ = neutron (no charge)

shells: o = electron (relative charge = -1)

The Periodic Table contains all known elements arranged in order of increasing atomic number,
that means of increasing number of protons. You can see a Periodic Table is at the end of this
paper. Have a look at it and read on. The table is divided into Groups (the columns) and Periods
(the rows). Both are labelled in the periodic table. So for example you will find the element boron
in period 2 and group 13. It is an important feature of the Periodic Table that elements listed in
the same group have similar chemical properties. So for example chlorine forms similar

compounds as bromine.

As you can see in the diagram above, the protons and neutrons reside in the middle of the atom
and form a nucleus around which the electrons are arranged in a shell structure. Each of the
shells can accommodate a certain number of electrons. The number of shells present in an atom
is given by the Period. The Group number is also useful to know as it will tell you the number of
electrons in the outermost shell. Each element in the Periodic Table comes with two numbers in
its box. The top one is called the atomic number, Z, and tells you how many protons an element
has. The bottom number is called the average relative atomic mass number, M, and allows you to
deduce you how many protons and neutrons an atom has. We usually round this number to the

nearest whole number in order to calculate the neutron number, N.
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Questions:

1. Answer the following questions about subatomic particles using the boxes on the right.

a) How many protons are there in an atom of sodium (symbol Na)?

b) How many electrons are there in the outer shell of an atom of fluorine (symbol F)?

c) Given the fact that atoms are neutral, how many electrons in total are there in an

atom of carbon (symbol C)?

(3]
2. The electronic structure of five atoms of different elements, A, B, C, D and E are shown below.
A B C D E
Answer the following questions about these structures. Each structure may be used once, more

than once or not at all.

Which diagram corresponds to an atom that

a) is in Period 4 of the Periodic Table?
b) is in Group 2 of the Periodic Table?
c) has five electrons in its outer shell?
d) has an atomic number of 7?
e) represents a fluorine atom?
(5]
3. a) State the chemical symbol for rubidium.  .................... [1]

b) Which element forms similar compounds to rubidium? Circle the correct answer.

strontium - lithium - krypton - beryllium
(1]
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4. The mass of an atom is determined by the mass number. Which subatomic particle does not

seem to be included in the mass? Why do you think this may be?

5. State the number of shells for the following elements.

Helium ..o Boron .....eeeeeeeenns Arsenic ....ccecveeeeenen.

(3]

A small disc of diameter 10 mm and thickness 5 mm can hold up to 20 kg of mass.
The magnet consists of neodymium, iron and boron and has the formula, Nd,Fe14B. We call this

formula the empirical formula. The empirical formula tells you the smallest whole number ratio of

atoms in a compound. The small digits after each element symbol tell you how many atoms there

are in one unit of the compound.

6. Reread the text above and try to find a way to calculate the number of neutrons in an atom

from its atomic number and the atomic mass number. Can you write a general equation below?
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7. Look up the place of neodymium in your Periodic Table (atomic number 60) and calculate the
number of neutrons of an atom of neodymium by appropriately rounding the atomic mass

number.

8. a) The real mass of one proton or neutron is 1.67 x 10"** g (they have almost the same mass).

What would be the real mass, in grams, of an atom of neodymium?

....................................................................................................................................................................... [2]
b) How many neodymium atoms would you need to obtain one gram of neodynium?
....................................................................................................................................................................... [1]
9. a) Determine the total number of atoms in one unit of Nd,Fe4B.
....................................................................................................................................................................... [1]

b) Using the relative masses of each of the atoms, what would be the relative mass of Nd,Fe14B?

Round the relative atomics masses appropriately.

[Total: 25]
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