Chemistry Test Answers

Q 1. State two assumptions of Dalton’s atomic theory of 1808. 

Small // indivisible // identical atomic mass (weight) for particular element  2 marks
(b) 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 
(i) who, about 1897, measured the ratio of charge to mass of the electron, e/m = Thomson  (1)
(ii) who, about 1910, proved that the electrons in an atom reside in an electron cloud surrounding a small dense positive central nucleus = Rutherford  (1)
(iii) who, about 1911, measured the charge on the electron, e. = Milikan   (1)
(c) The arrangement of the electrons in the electron cloud proposed in 1913 by Bohr, was consistent with the hydrogen emission spectrum. Outline Bohr’s atomic theory based on the hydrogen emission spectrum. (5 facts needed) 

· The electron in a hydrogen atom occupies (restricted to) fixed energy levels (energy values, discrete energies) 

· electron occupies lowest energy levels available / electron occupies ground state //

· the electron can move (become excited) to a higher energy level if it receives an amount of energy (photon of energy) //
· the photon (energy) must be exactly equal to the energy difference between the ground state (a lower level) and a higher energy level (excited state) //

· the electron in an excited state (a higher level) is unstable //

· the excited electron falls back to a lower energy level //

· emitting the excess energy in the form of a photon of light (hf) / emitting light of a definite frequency (wavelength) / emitting light according to E2 – E1 = hf (hν)

[Accept ‘quantum’ for ‘photon’ and ‘shell’ for ‘level.’]   (5 marks in total)
(d) State two limitations of Bohr’s theory that led to its modification. 

· Didn’t work for higher elements / only worked for hydrogen / doesn’t work for multi electron systems //

· Did not allow for uncertainty (probability) //

· didn’t explain discovery of sublevels //

· Could not account for the existence of orbitals (2 marks for any two)

(e) Define atomic orbital.

Region (space) around the nucleus of an atom // where there is a 99% (high) probability of finding an electron / where

electron most likely to be found // 2 marks

(f) Draw the shape of the p-orbital.
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(g) State the maximum number of electrons that can be accommodated in a p-orbital.  2 electrons (1 mark)
Q2. (i)Describe two differences between Mendeleevs Periodic table and the Modern Periodic table.
· Menedeleev’s arranged in increasing atomic mass, modern by increasing atomic number

· Mendeleev’s left gaps & had no noble gases/ modern had noble gases and no gaps

· Modern transition elements are in separate d block    (2 marks)
(ii) Describe how you would carry out a flame test on a sample of potassium chloride.

(2marks)

(iii) Why do different elements have unique atomic spectra?

Own unique electronic configuration, so different electronic transitions (2 marks)
Q 3. Write the s,p,d configuration of the following (Did these on board)
i) Ne

ii) Na

iii) K+
iv) Cr

v) Cu

vi) Mg2+
vii) F-                                                                        7 marks in total
Q 4. (a) Define first ionisation energy of an element. 

Min energy required to remove the most loosely bound electron from one mole of isolated gaseous atom in its ground state  (2 mark)
(b) 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. 
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3 marks
(c) Account fully for

(i) the general increase in ionisation energy values across the third period of the Periodic Table,

· increased nuclear charge / increase in protons / increase in atomic number //

· decrease in atomic radius //

· no increase in shielding (screening) by inner shells   (2marks)
(ii) the peaks which occur in your graph at elements 12 and 15,

increased stability of element 12 due to full outer sublevel (subshell) /stability due to electron being removed from full sublevel (subshell) (3)

increased stability of element15 due to half-full p sublevel (subshell) /stability due to three singly-occupied (half-full) p orbitals  (2)
(iii) the sharp decrease in ionisation energy value between elements 18 and 19. 

· element 18 stable due to outer sublevel (subshell) full / outer) 3s2, 3p6 
· element 19 has outer electron further from nucleus (in a new shell / more screened) /

electron removed from next (4th) shell / electron removed from 4s – can only be given if full sp configuration of potassium is shown in candidate’s work.   (2 marks)
(d) Write the s, p electron configuration for the potassium atom.

1s2, 2s2, 2p6, 3s2, 3p6, 4s1   1 mark
(e) Hence state how many (i) energy sub-levels, (ii) individual orbitals, are occupied by electrons in a potassium atom.

STATE: (i) 6 sublevels       (ii) 10 orbitals 2marks
(f) Explain why there are electrons in the fourth main energy level of potassium although the third main energy level is incomplete.  Because the 4s orbital has a lower energy than the 3d, electrons will always occupy lowest available energy level first    (2marks)
Q5. i) Describe the type of bond you would expect between hydrogen and oxygen

Polar covalent   (1mark)
ii) Draw a dot and cross diagram of H20 (2marks)
Q 6.i) What effect does temperature have on the rate of reaction and explain why?

Increases/ increase in number of collisions, increase in number of collisions with sufficient energy to react   (3 marks)
ii) Which one of the following experiments will the cross become obscured first? D  1 mark
iii) What product of the reaction causes the cross to become obscured? Sulphur     1mark
Q7. i) Define the term catalyst. = alter rate of reaction without being used up itself (2marks)
ii) Write the balanced equation for one reaction which is catalysed in a catalytic converter in a car. State one environmental benefit of this process. 2CO  + 2NO = N2 + 2CO2   2 marks          decrease CO which is poisonous to animal, decrease NO which causes acid rain 1 mark
ii) Name one element used as a catalyst in a catalytic converter.  What type of catalysis is involved in a catalytic converter 
rhodium, pladium and platinum  1 mark                                        heterogenous catalysis 1 mark
Q8. Draw the following Hazard Symbols 6marks
	Harmful
	corrosive
	irritant
	explosive
	flammable
	toxic


Q 9.2003 Iron tablets may be used in the treatment of anaemia. To analyse the iron(II) content of commercially available iron tablets a student used four tablets, each of mass 0.360 g, to make up 250 cm3 of solution in a volumetric flask using dilute sulfuric acid and deionised water. About 15 cm3 of dilute sulfuric acid was added to 25 cm3 portions of this iron(II) solution and the mixture then titrated with a 0.010 M solution of potassium manganite (VII), KMnO4.

(a) Why was it important to use dilute sulfuric acid as well as deionised water in making up the solution from the tablets? (5)

· prevents oxidation (‘hydrolysis’ not acceptable!!!!) by air (atmosphere, oxygen from the air) of iron(II) {Fe2+ } to iron(III) {Fe3+}(5)                       -or-
· prevents iron(II) {Fe2+} going to iron(III) {Fe3+} due to air (atmosphere, oxygen from the air) (5) Allow only (3) if ‘air’ not mentioned.
 (b) Describe in detail the procedure for making up the 250 cm3 solution from the tablets. (18)

Tablets crushed with mortar and pestle // washed into beaker // stirred to dissolve // transferred into flask using funnel / glass rod // rinsings of beaker added to flask // flask on level surface / mark at eye-level // add drop-by-drop / add using dropper (pipette, wash bottle) / top up carefully // until bottom of meniscus level with mark // invert / mix / shake [“swirl” not acceptable] ANY 6: (6 × 3)
(c) Why was more dilute sulfuric acid added before the titrations were commenced? (6)

· to ensure complete conversion of MnO4 {Mn7+} to Mn2+ {manganese(II) / to fully reduce MnO4 {Mn7+} / to provide sufficient hydrogen ions for complete reduction  -and-
· to prevent formation of manganese (IV) {Mn4+, MnO2,} (6)

Allow (3) for “to prevent the formation of a brown ppt” or “to allow complete reduction (not oxidation)”

(d) How was the end-point detected? (3)

First permanent pink (purple) / pink (purple) remains / colourless (Allow ‘ pale green’) to pink (purple) (3)

The titration reaction is described by the equation

MnO4 + 5Fe2+ + 8H+                         Mn2+ + 5Fe3+ + 4H2O

(e) In the titrations the 25 cm3 portions of the iron(II) solution made from the tablets required 13.9 cm3 of  the 0.010 M KMnO4 solution. Calculate

(i) the concentration of the iron(II) solution in moles per litre

25  ×  X   =   13.9  ×  0.01(0)               (3)

     5                        1 

X = 0.0278 / 0.028                               (3)   Second (3) not available if (0) obtained for first (3)
(ii) the mass of iron(II) in one tablet

· 0.0278 × 56* = 1.5568 / 1.56 / 1.568 / 1.57 g l–1 (3) [*56 essential]

Accept to two significant figures. {55, 57, 65 (– 1)}

· 1.5568 ÷ 4 = 0.3892 – 0.3925 g in 250 cm3 (in four tablets) (3)
· 0.3892 ÷ 4 = 0.0973 – 0.0982 g in one tablet (3)  Note: steps may be carried out in a different order.
(iii) the percentage by mass of iron(II) in each tablet. (18)

0.0973*    ×   100    (3)      =     27 (3) (answer that would give 27 if given to two significant figures) 
0.36



     *Must come from answer in (ii) and give % less than 100
Q10

2008 5. (a) Define electronegativity. (5)

a) DEFINE: relative (measure of) attraction / number expressing (giving) attraction for shared electrons // 
for a shared pair of electrons / for electrons in a covalent bond (3 + 2) 

(b) State and explain the trend in electronegativity values down the first group in the periodic table of the elements. (9)

STATE: decrease (3) 
EXPLAIN: increasing atomic radius / extra shell (shells) / outer electron further from nucleus (3) 
increased shielding (screening) offsets increased nuclear charge / effective nuclear charge unchanged (constant) / decreased pulling power of nucleus on shared electrons / lower values represent lower hold on shared electrons (3) 

(c) Use electronegativity values to predict the types of bonding (i) in water, (ii) in methane, (iii) in magnesium chloride. (9)

BONDS: (i) water: polar covalent (3) 
(ii) methane: covalent [Accept “non-polar” or “slightly polar”] (3)
(iii) magnesium chloride: ionic (electrovalent) (3) 

(d) Use dot and cross diagrams to show the formation of bonds in magnesium chloride. (6)

Note: The bond formation may be shown by clear illustration of electron transfer. The charges, if not shown, may be inferred from the information given in the diagram. 
Magnesium ion formed (3) 

Chloride ions formed (3) 

[It must be clear that there are two chloride ions but only one need be drawn. Accept diagrams with all dots or all crosses.] 
(e) Explain the term intermolecular forces. (6)

EXPLAIN: attractive (repulsive) forces between molecules (6)
(f) Use your knowledge of intermolecular forces to explain why methane has a very low boiling point (b.p. = –164 ºC).

The relative molecular mass of methane is only slightly lower than that of water but the boiling point of water is much higher (b.p. = 100 ºC). Suggest a reason for this. (6)

USE: very weak intermolecular (weak van der Waals, London, dispersion, weak dipole-dipole) forces (attractions, interactions) (3) 

[Accept “they are weak” if it is clear that “they” refers to intermolecular forces.] 
SUGGEST: much stronger hydrogen bonds between water molecules (3) 

[Accept “no hydrogen bonds in methane”.] 
(g) The diagram shows a thin stream of liquid flowing from a burette. A stream of water is deflected towards a positively charged rod whereas a stream of cyclohexane is undeflected. Account for these observations

Explain what would happen in the case of the stream of water if the positively charged rod were replaced by a negatively charged rod. (9)
ACCOUNT: polarity of water causes attraction to charged rod (3) 

non-polarity of cyclohexane means it is not affected by charged rod (3) 

EXPLAIN: stream of water still attracted to rod as molecules (dipoles) arrange themselves with 

positive pole towards rod [Do not accept “deflected” if unqualified.] (3)
h) Explain the following in terms of intramolecular bonding or intermolecular forces or both.

The boiling point of hydrogen (20 K) is significantly lower than that of oxygen (90.2 K).

hydrogen smaller {has fewer (two) electrons} [Accept “lighter”.] / therefore weaker (less) intermolecular (van der Waals, dispersion, London, dipole-dipole) forces (attractions, interactions) (6) [N.B. Answer could be given in terms of oxygen (N.B. 16 electrons).] 
a)





d)





c)








