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[See page 1 for instructions regarding the number of questions to be answered.]

Find B

4. Answer eight of the following items (a). (b). (c). etc (50)

(@
®

©
@

Write the electron configuration (s, p, efc.) of the oxygen (oxide) ion (O™)

State two differences between Mendeleev’s periodic table and the modern periodic table of the
elements

What are the twa possible shapes of molecules of general formula QXz?

How many atoms of iron are there in a 30 g bowl of comflakes that contains 0.0024 g iron
per 30 g serving?

State Gay-Lussac’s law of combining volumes
Define activation energy.

Distinguish between sigma (o) and pi (1) covalent bonding.

What is an ideal gas?

What happens during the secondary stage of sewage treatment?

Draw the structural formulae of any two molecules with the molecular formula CsHgO;
Answer part A or part B.

A Write a balanced equation for the reduction of iron(III) oxide by carbon monoxide in a blast
furnace.
or

B Write a balanced equation for the reaction that occurs when sulfur dioxide from industrial
gaseous emissions dissolves in water.
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Find B

State two assumptions of Dalton’s atomic theory of 1808,

The electron was the first of the sub-atomic particles to be discovered. It was identified in
experiments using cathode rays that were carried out in the late nineteenth century.

Name the scientist

(@) who, about 1897, measured the ratio of charge to mass of the electron, e/m,

(i6) who, about 1910, proved that the electrons in an atom reside in an electron cloud surrounding
a small dense positive central nucleus,

(iif) who, about 1911, measured the charge on the electron, e ©

‘The arrangement of the electrons in the electron cloud proposed in 1913 by
Bohr, pictured on the right, was consistent with the hydrogen emission

spectrum.
Outline Bohr’s atomic theory based on the hydrogen emission
spectrum. @s)

State two limitations of Bohr’s theory that led to its modification. ©)

Define atomic orbital.
Draw the shape of the p-orbital.

State the maximum number of electrons that can be accommodated
in a p-orbital.
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[See page 1 for instructions regarding the number of questions to be answered].

4. Answer eight of the following items (a). (b). (¢). etc.

(@)

®)
©
@
@
%)
(€]

Q]

@
»

‘The scientist pictured on the right used charged oil drops to determine the size of the
charge on a sub-atomic particle. Name the scientist, and the sub-atomic particle
involved in his experiments

What change occurs in the nucleus of an atom when it undergoes beta emission?
State the Heisenberg uncertainty principle.

Define bond energy.

Define a conjugate pair according to the Bronsted-Lowry theory.

Calculate the pH of a 0.025 M solution of nitric acid.

When water that contains temporary hardness is boiled in a kettle, scale is formed on the heating
element. Identify the chemical that is the main component of this scale.

Draw the structures of two acidic functional groups that occur in organic compounds

light
Complete and balance the equation: CiHs + Clp ~ 12,

Identify the chemical hazard associated with each of the following warning symbols.

“[8] e

Answer part A or part B

A Whatuse is made of the organometallic catalysts discovered by Karl Ziegler in 1953?
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Define first ionisation energy of an element. ®)

Use the values on page 45 of the Mathematics Tables to plot a graph on graph paper of first ionisation
energy versus atomic number for the elements with atomic numbers from 10 to 20 inclusive. (12)
Account fully for
(i) the general increase in ionisation energy values across the third period of the Periodic Table.
(ii) the peaks which occur in your graph at elements 12 and 15,
(i) the sharp decrease in ionisation energy value between elements 18 and 19. (18)
Write the s. p electron configuration for the potassium atom. H
Hence state how many (i) energy sub-levels, (i) individual orbitals. are occupied by electrons in a
potassium atom.

Explain why there are electrons in the fourth main energy level of potassium although the third main
energy level is incomplete. (12)
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[See page 1 for instructions regarding the number of questions to be answered.]

4. Answer eight of the following items (a), (b). (c). etc. (50)

(a) Write the electron configuration (s, p, efc.) of the aluminium ion (AP).

(b) What contribution did Henry Moseley, the scientist shown
in the photograph, make to the systematic arrangement of
the elements in the periodic table?

(¢) Give two properties of alpha particles.

(d) Name the type of spectroscopy. based on absorptions within
a particular range of electromagnetic frequencies, and used as a
“fingerprinting’ technique to identify organic and inorganic compounds.

(e) Write the formula of (i) a substance which causes temporary hardness in water, (ii) a substance
which causes permanent hardness in water.

() Name two metals which act as catalysts in the catalytic converters of modern cars.
(g) Account for the difference in bond angle between water (104.5 °) and methane (109.5 °).

(h) Copy the diagram of an exothermic reaction profile into
your answer book and mark clearly (i) the activation energy.
"7 (i) AH for the reaction.

Energy

1085 |
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B (iv) Using oxidation numbers or otherwise balance both equations. (12)

purple  blue/green

() (i) Define energy level. (O] ill-i
(it) Distinguish between ground state and excited state

for the electron in a hydrogen atom. ©6) "= : '
n=
The diagram shows how Bohr related the lines in n=d
the hydrogen emission spectrum to the existence of
atomic energy levels. n=3
(iii) Name the series of lines in the visible part of the

line emission spectrum of hydrogen. (3) n=2 Ao

(iv) Explain how the expression E, — E; = hf" links the
occurrence of the visible lines in the hydrogen
spectrum to energy levels in a hydrogen atom.  (12)

nucleus
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()

(e

B Name the electrochemist who was the first to isolate the elements sodium and potassium in
1807 by passing electricity through sodium hydroxide and potassium hydroxide. respectively.

Define energy level. 3)
Write the electron configuration (s. p) for the sulfur atom in its ground state. showing

the arrangement in atomic orbitals of the highest energy electrons. ©6)
State how many (i) energy levels. (i7) orbitals. are occupied in a sulfur atom in its ground state. ©6)

Use electronegativity values (Mathematical Tables p 46) to predict the type of bond expected

between hydrogen and sulfur.

Write the chemical formula for hydrogen sulfide.

Use clear dot and cross diagrams to show the bonding in hydrogen sulfide. 1s)

Would you expect the hydrogen sulfide molecule to be /inear or non-linear in shape?
Justify your answer. (6)

Hydrogen sulfide has a boiling point of 212.3 K and water has a boiling point of 373 K.
Account for the difference in the boiling points of these substances. (6)
‘Would you expect hydrogen sulfide to be soluble in water? Explain your answer. ©6)

(@™ @]
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11. Answer any two of the parts (a), (b) and (c).

(a) In 1910 Rutherford (pictured right) and his co-workers carried out an experiment in
which thin sheets of gold foil were bombarded with alpha particles. The observations
made during the experiment led to the discovery of the atomic nucleus.

(i) Describe the model of atomic structure which existed immediately prior to this
experiment. (@)

In this experiment it was observed that most of the alpha particles went straight
through the gold foil. Two other observations were made. State these other
observations and explain how each helped Rutherford deduce that the atom

has a nucleus. 12)

In November 2006 former Soviet agent, Alexander Litvinenko, died in London.
The cause of his death was identified as radiation poisoning by polonium-210.

(iii) Polonium-210 decays emitting an alpha particle. .
Copy and complete the equation for the alpha-decay of polonium-210, filling H
in the values of x (atomic number), y (mass number) and Z (elemental symbol).

©)
, He
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[See page 1 for instructions regarding the number of questions to be answered.]

4. Answer eight of the following items (). (b). (c). etc (50)

(a) Give two properties of cathode rays.

(b) State Avogadro’s law.

() Give two possible shapes for a covalent molecule of general formula AB,.

(d) Define the mole, the SI unit of chemical amount.

(¢) When 4.10 g of hydrated magnesium sulfate. MgSO4.xH,0. were heated strongly. 2.00 g of
anhydrous magnesium sulfate were obtained.
Calculate the value of x. the degree of hydration of the crystals.

() Complete and balance the equation for the chemical reaction that occurs when a piece of aluminium
is placed in a solution of copper(II) ions: Cu2+ + Al —

(g) Give two methods for removing all of the hardness in a water sample

(h) Define the activation energy of a chemical reaction.

(i) What is a homologous series of organic compounds?

(/) What is the principle involved in the separation of a mixture by chromatography?

(k) Answer part A or part B.

1037 |
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5. (a) Define (i) atomic number, (ii) relative atomic mass. (11)

(b) Sixty-two elements were known when Mendeleev, pictured on the right,
published his periodic table of the elements in 1869.

‘What was the basis (periodic law) used by Mendeleev in arranging the
elements in his periodic table?

‘Why did Mendeleev leave spaces in his periodic table, e.g. where the element
germanium occurs in the modern periodic table?

In a few instances Mendeleev reversed the order of elements required by his periodic law.
For example, he placed the element tellurium before the element iodine. Explain why he did this.(12)

() One of the most useful features of the periodic table of the elements is that it allows trends in the
properties of the elements to be compared.

Explain why (i) the alkali metals are all reactive. (i) the reactivity of the alkali metals increases
down the group. )

(d) The arrangement of elements in the modern periodic table is now known to be consistent with
their electrons filling into atomic orbitals of increasing energy.
(@)  Define atomic orbital.
(ii)  Write the electron configuration (s, p, etc.) of the element manganese (Mn).
(iii)  What do the electron configurations of the series of elements from scandium to zinc have in
common? (18)
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Secuon 5 -
[See page 1 for instructions regarding the number of questions to be answered.]
4. Answer eight of the following items (a). (b). (¢). etc. (50)
(a) State the number of (i) sub-levels (subshells). (i) orbitals. occupied by electrons in an argon atom
in its ground state.

(b) Write a balanced nuclear reaction for the beta particle decay of iodine-131.
[See formulae and tables booklet. page 79.]

(¢) Define relative atomic mass.
(d) Distinguish between sigma () and pi (x) covalent bonding.
(e) Using oxidation numbers. or otherwise. balance the following equation
Cu + NO; + H' —> Cu" + NO, + H,0
(f) State Avogadro’s law.
(g) Why does raising the temperature generally increase the rates of chemical reactions?

(h) Name (i) the gas. (i7) the ion. formed at the negative electrode when aqueous sodium sulfate
solution is electrolysed.

(i) Define bond energy.
(j) What happens during the secondary treatment of sewage?
(k) Answer part A or part B.
A What is the structural difference between low density poly(ethene)

e [B]w"
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5. (a) Write the electron configuration (s. p) of an oxygen atom showing the arrangement of electrons in
atomic orbitals. %)
(b) Define atomic radius (covalent radius).
State and explain the trend in atomic radii (covalent radii) across the second period of the periodic
table of the elements. (12)

(c) Give one reason why electronegativity values exhibit a general increase across the second period of
the periodic table. 3)

(d) Consider the following hydrides of some of the elements from the second and third periods of
the periodic table: H,0 NH; PH; HCl
(@ State how the bonding in PH; differs from the bonding in the other three hydrides.
What is the reason for this difference in bonding?

(if)  From these four hydrides. identify the hydride or hydrides in which hydrogen bonding
occurs between the molecules.
Give one property that is affected by the presence of intermolecular hydrogen bonding in the
hydride or hydrides you have identified.

(iif) ~ State the shape of the PH; molecule and explain using electron-pair repulsion theory
how this shape arises. 21

(e) Boron trichloride (BCl) is a colourless gas. Would you expect (i) the B—CI bonds, (i7) the
BCl; molecules. to be polar or non-polar? Justify your answers )

(e [B[ W ]
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11.  Answer any two of the parts (). (b) and (c). (2x25)
(a) In 1909 Rutherford bombarded a very thin sheet of gold foil with alpha particles. most of
which passed straight through it undeflected. Some alpha particles. however. were deflected
at large angles and a very small number were reflected back along their original paths. The
first of these observations was not inconsistent with the ‘plum pudding” model of the atom
that had been proposed by Thomson in 1904, but Rutherford had to formulate a new model
of atomic structure to account for the other two observations.
(i) What are alpha particles? @
(ii) Describe the structure of Thomson’s ‘plum pudding” model of the atom. 6)
(iif) Explain why some alpha particles were deflected at large angles as they passed through
the gold foil. (6)
(iv) Why were some alpha particles reflected back along their original paths?
‘Why did this happen to only a very small number of alpha particles? (6)
(v) Draw a labelled diagram to show the new structure of the atom proposed by Rutherford. (3)
(b) Consider the following room temperature equilibrium reaction used to dissolve iodine (I)
@ crystals in an aqueous solution of iodide ions (I").
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