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Chemistry
Advanced Higher 

Unit 1 – Inorganic and Physical Chemistry


TUTORIAL EXERCISE ANSWERS



Exercise 1.1   Electromagnetic Spectrum and associated calculations


[3]

1.  (a)  Hydrogen
     (b)  Helium
2.   170 kJ mol-1
3.  (a) 554 nm
     (b) 216 kJ mol-1
4.   302 kJ mol-1
5.  (a) 650 nm
     (b)  184 kJ mol-1
6.  (a) 588 nm
     (b) 204 kJ mol-1
7.  620 nm
8.  389 nm
9.  405 nm
10.  487 nm
11.  325 nm


12.  	Br-Br bond enthalpy = 194 kJ mol-1
1

 for one mole of bonds
1

J/Js
1
=4.86 x 1014 s-1 (or Hz)
1

13.  	(a)  An excited electron returns to ground state, emitting energy difference as visible light of a specific wavelength.
1
(b)  The energy gaps between energy levels decrease with increasing energy, i.e. the higher energy levels get closer and closer together.
1

(c)  (i)  
		= 6.63 x 10-34 x 1.26 x 1015J
		= 8.35 x 10-19 J

But IE = 
	= 6.02 x 1023 x 8.35x10-19 J mol-1
	= 50.27 x 104 J mol-1
= 502.7 kJ mol-1
1
(ii)  The first ionisation energy of the element.
1
    
14.  (a) Line A has a longer wavelength than all the others shown.
1
Since it is in the Balmer series, ground state is n=2.  This represents the smallest energy jump, i.e. from n=3 to n=2.
1

(b) 	
1

	= 
1
	= 0.1825 x 106 kJ mol-1
	= 182.5 kJ mol-1
1

15.  (a) The ultra-violet region.
1

(b)  	
1


1
		= 0.422 x 106 J mol-1
		= 422 kJ mol-1
1
(c)  	Energy from the spark excites some electrons to a higher energy level.
1
When these electrons return to ground state a specific amount of energy is released and this shows up as a line of measurable wavelength (or frequency) in the spectrum.
1
(d)  	To gain a wider range of properties, e.g. harder, resistant to corrosion, etc.
1
 
16.  (a)The Balmer series is, for n1 = 2;


1


1
This line will be blue-green.
1
(b)	n1 = 1
1
All the jumps must be of shorter wavelength, i.e. of higher energy than those for n1 =2.
1



Exercise 1.2   Electronic Configuration, the Periodic Table and Ionisation Energy

1. 	(a)	An electron
1
(b)	Each letter represents an orbital oriented along the x-, y-, or z-axis.
	1
(c) (i)	s orbitals are spherical and symmetrical around the nucleus.
1
p orbitals are dumb bell shaped and symmetrical around each axis.
1
(c) (ii)	the p orbitals are arranged mutually at right angles.
1
(d)	electrons are placed singly in degenerate orbitals before pairing occurs in one orbital.
1
(e)	Error 1: the 4p orbitals should be labelled 3p.
1
Error 2: Hund’s rule states that electrons will occupy degenerate orbitals, singly before any one is doubly filled.
1
The correct configuration is:
[image: ]
2
2.	(a) (i)	1
1
	(a) (ii)	5
1
	(b) (i)	6
1
	(b) (ii)	2
1
	(b) (iii)	18
1
	(c) (i)	1s
1
	(c) (ii)	4s 4p 4d 4f
1


3	(a)	(ii) is wrong because the 2s electrons have identical ‘addresses’, i.e. all four quantum numbers are the same for both, or, electrons cannot have parallel spin in the same orbital.
1
	This violates Pauli’s exclusion principle.
1

(b)  the two 2p electrons should occupy two degenerate 2p orbitals (with parallel spin).
1
	Hund’s rule.
1
(c)	(vii) has violated the Aufbau principle since the s sublevel is not yet full 
1 
but the 2p subshell is already filling.
1

4.  	(a)	
[image: ]
1
[image: ]
1
	(b)	A region where one or (at most) two electrons are likely
to be found.
1
(c)	It signifies the second energy level.
1
(d)	Of equal energy.
1
(e)	
[image: ][image: ]
2

5.  
 (
s
) (
p
) (
d
)[image: ]
2
6	(a)	Manganese
1
(b)	1s22s22p63s23p64s23d5  or  [Ar]4s23d5
1
(c)	[Ar] 4s0 3d4 (the 4s term may be ommitted).
1
 7.	(a)	380 kJ mol-1 (±20 kJ mol-1)
1
(b)	There is a huge energy requirement to break the Noble gases into a stable octet OR It is very difficult to remove an electron from a full energy level.
1
(c) (i)	The Group 1 metal has the largest radius in thet period and has the smallest nuclear charge in that period.  Both of these lead to a lesser attraction for the outermost electron.
1
(ii)	Each new energy level means a larger radius (less attraction for the outer most electron) and provides a greater shielding effect (again reduced attraction by the nucleus).
1
(d)	Two factors apply; the steady increase in nuclear charge and the slight decrease in atomic radius from Li to Ne makes the attraction of the nucleus for outer electrons greater.
1

(e) (i) 	Be	1s22s2
B	1s22s22p1, i.e. B has started a new sub shell so its outer most electron is relatively easier to remove than that of Be, where a complete sub shell has to be broken into.
1
(ii)	Half-full shells are relatively stable so N (with a half filled p sub shell) has a higher IE than O, which has one electron more.
1

8.	(a)	Electrons are excited by electric discharge to a higher level. 
1
These electrons emit energy as they return to a lower energy level. 
1
The quantity of energy emitted depends on the energy values of the two energy levels involved. (Many lines may be produced and each will represent a specific electronic jump.) 
1
(b)	Pass the light through a prism and examine the spectrum produced on the screen.
1
Spectral lines characteristic of sodium and of neon would be seen.
1



9.  	(a)	Since or , shorter wavelengths correspond to higher energies.
1
	OR
	It can be assumed that these lines represent a part of a series which converge at the higher energy end, i.e. to the left on the diagram shown.  

Both arguments lead to the conclusion that 393 nm represents the highest energy shown.
1
(b)	Instead of coloured lines on a black background, there would be black lines on a coloured background.
1

(c)	
2
(d)	The orange-red of the 620 line would probably swamp the less intense blue-green lines.
1


10. 	(a)	By spraying as a solution into a Bunsen flame OR by electric discharge through a gaseous sample OR by electric sparking between graphite electrodes.
1
	(b)	Valence electrons are excited and promoted to higher energy levels.
1
	(c) (i)	Electrons return to a lower energy level, including the ground state, emitting energy equal to the energy difference between the two levels involved, as light.
1
	(ii)	A spectral line on the spectrum for each ‘jump’ OR a series of characteristic spectral lines OR the intensity of light of one spectral line.
1
	(d)	By using an appropriate filter.
1
	(e)	The intensity of the light emitted.
1
	(f)	Make up standard solutions of Ca2+(aq).
1
Use the solutions to make a graph of intensity of radiation vs. concentration of solution.
1
(g)	Measure the intensity of radiation of the water sample being tested.
1
	
Interpolate on the graph to determine the concentration.
1
(h) (i)	Each lamp emits radiation characteristic of a specific metal.  Particles of the metal in the sample absorb a measureable amount of this light in proportion to their concentration as electrons are promoted.
1
(ii)	The quantity of energy absorbed, i.e. the difference in intensity, between the incident light and the transmitted light.
1





























Exercise 1.3   Covalent Bonding, Shapes of molecules and Polyatomic Ions

1.  	(a)	
[image: ]
1
(b) (i)
[image: ]
2
(ii)
[image: ]
1
(iii)	In (ii) two of the bonding electrons are delocalised over the two oxygen atoms on the carbonyl carbon.
[image: ]
The negative charge is considered to be shared equally between all three atoms and not to be residing on either oxygen.  In (i) the negative charge is attached completely, i.e. localised, on only one of the oxygen atoms.
1

2a

  [image: ]
1
b) i)
[image: ]
											   1
ii)
	[image: ]								1

3.  	(a)	Trigonal planar
1
(b)  In CF4 all four outer electrons in carbon are used in bonding pairs with fluorines.  All four bonds are identical.  The bond angle will be tetrahedral with an angle of 109.5°.
1
(c) In NF3 two of the electrons in nitrogen form a lone pair.  The three others form bonding pairs.  The lone pair exerts a greater repulsion ‘downwards’ so the bond angle is less than 109.5°.
1
4.  (a)

[image: ]		   120°
2 x 1
(b)	Nitrogen has an extra pair of electrons (a lone pair).
These exert a strong repulsive force downwards on the bonding pairs hence they are pushed down ‘below’ the tetrahedral angle, creating a pyramid.
1
Boron only has 3 outermost electron and so BF3 has only three bonding pairs of bonding electrons.  They spread themselves symmetrically (or as far from each other as possible) i.e. pointing to the corners of an equilateral triangle.
1

5.  (a)	There are five pairs of electrons around the central chlorine atom (since an atom of Cl has seven outermost electrons and each F atom contributes one electron to the total →10 electrons →5 pairs).
1
(b)  	Five pairs lead to a trigonal bipyramid.
1





(c)	
[image: ]	[image: ]	[image: ]
(Any two of these three shapes are acceptable.)					2
Exercise 1.4   Transition Metals
1.
[image: ]

2.
[image: ]

3.
[image: ]

4.
[image: ]





5.
[image: ]

6.
[image: ]
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7.
[image: ]

8.
[image: ]













9. 
[image: ]





10.
[image: ]
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11.
[image: ]
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12.
[image: ]










13.
[image: ]
14.
[image: ]

15.
[image: ]





16.
[image: ]

17.
[image: ]
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