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Assessment Schedule – 2010 
Chemistry: Describe properties of particles and thermochemical principles (90780) 
Evidence Statement 
 
Question Evidence Achievement Achievement with Merit Achievement with Excellence 

ONE 
(a) 

1s22s22p63s23p64s2 [Ar] 4s2 

1s22s22p63s23p63d54s1 [Ar] 3d5 4s1 

1s22s22p63s23p63d5 [Ar] 3d5 

TWO correct. THREE correct.  

(b) Calcium has only 2 valence electrons, which it loses to form a 2+ 
ion, Ca2+. 
Manganese has valence electrons in 3d and 4s orbitals. It can lose 
electrons from 4s to form the 2+ ion and it can lose electrons from 
4s and 3d to form other stable ions. 

Mn has partly filled d orbital Ca 
does not. 
Calcium has only 2 valence 
electron to lose / calcium can 
only form +2 ion / Ca can only 
lose electrons from one orbital. 
Mn can lose or share electrons 
from 3d and 4s / Mn has valence 
e’s in 3d and 4s orbitals. 

Compares Mn and Ca with full 
discussion. 

 

(c) Ca = 197 pm 
Ca2+ = 99 pm 
Mn = 137 pm 
 
Both have the same number of electron shells / energy levels / 
shielding of outer e’s by inner e’s / valence e’s in same energy 
level (same orbital 4s).  
But Mn has a greater nuclear charge / no of protons so 
so there is a stronger attraction for the valence electrons, bringing 
them in closer, resulting in a smaller radius. 
 
Ca > Ca2+ or Mn > Ca2+ 

Ca2+ is smallest because it has lost electrons from an entire valence 
shell,  
so the electrons are in only 3 shells instead of 4 / less shells. 

Correct order  
 
AND 
Some recognition of nuclear 
charge difference for Ca / Mn, 
 
OR 
Loss of energy level for Ca / 
Ca2+. 

 
If numbers wrong but Ca > Ca2+ 

Correct order 
 

AND 
Full discussion of one 
comparison 

 
OR 
Partial discussion of two 
comparisons. 

 
(If shielding mentioned must be 
explained.) 

Correct order 
 

AND 
BOTH discussions 
comprehensive, correct and 
complete. 

  A = 2a M = 2m / 1m + 2a E = 1e + 1m / 1e + 2a 
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TWO 
(a)(i) 

 
 
 
 
 
 
 
 

(ii) 
 
 
 
 
 

(iii) 

 

BOTH Lewis Diagrams correct. 
 
OR  
BOTH diagrams. 
 
OR  
BOTH shapes. 
 
OR  
ONE column. 

FIVE correct. 
 
 
 
 
 
(SF4 must show at least one 
bond in different plane). 
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(b) XeF4 
Shape 
• there are 6 electron pairs around the Xe central atom, 
• these repel to take an octahedral arrangement / minimise 

repulsion / to get as far apart as possible, 
• there are only 4 bonding electron pairs / 2 lone pairs, 
• forming square planar arrangement.  
Polarity 
• the Xe-F bond is polar because of electronegativity difference,  
• the molecule is symmetrical,  
• polar bonds (NOT just bonds) cancel / centre of positive and 

negative charge correspond,  
• so the molecule is non-polar. 
 
SF4 
Shape 
• has 5 electron pairs around the S central atom,  
• these repel to take a trigonal bipyramid shape / minimise 

repulsion / to get as far apart as possible,  
• There are only 4 bonding electron pairs / 1 lone pair,  
• forming see-saw arrangement.  
Polarity 
• S-F bond is polar because of electronegativity difference, 
• molecule is not symmetrical, 
• polar bonds (NOT just bonds) do not cancel / centre of +ve and 

–ve charge do not correspond / polarities reinforce,  
• molecule is polar. 

SHAPE 
Recognises shapes related to 
different number of electron pairs 
/ areas of negative charge / 
different number of lone pairs on 
central atom. 

 
 
 

POLARITY 
Both polarities correct 

SHAPE 
Correctly discusses both 
shapes. 
(Three bullet points for shape).  

 
 
 
 
 

POLARITY  
Correctly discusses both 
polarities. 
(Three bullet points for 
polarity.) 

Full complete discussion for both 
shape and polarity. 
(Four bullet points for each.) 

  A = 2a M = 2m / 1e / 1m + 2a E = 1e + 1a 
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THREE 
(a)(i) 

Zn(s) + ½O2(g) → ZnO(s) Correct (with states).   

(ii) 2Zn + 2S → 2ZnS 2 (200) 
2Zn + O2 → 2ZnO 2 (–348) 
2S + 2O2 → 2SO2 2 (–297) 
  –890 kJ mol–1

 
OR 
 

ΔrH° = Σ ΔfH°products – Σ ΔfH°reactants 

 = 2 (–348) + 2 (–297) – 2 (–200) 
 = –890 kJ mol–1 

Correct method, ONE error 
in calculation. Must be 
correct manipulation of 
equations, if Hess’s Law 
used. 
OR 
Correct answer wrong sign. 
OR 
Answer correct but no 
working shown. 
OR 
Answer correct wrong / no 
unit. 

Correct methods for both 
calculations and one 
answer correct (minor 
errors accepted). 

Correct method and answers for 
both calculations (accept small 
arithmetic errors). 

(b) Enthalpy change = bonds broken – bonds formed 
x = E(O–H) 
(a) Bonds broken = 5(C–H) + 1(C–C) + 1(C–O) + 1(O–H) + 3(O=O) 
(b)  = 5(412) + 348 + 360 + x + 3(496) 
(c) Bonds broken = 4256 + x (4256) 
 
(a) Bonds formed = 4(C=O) + 6(O–H) 
(b)   = 4(743) + 6(x) 
(c)  = 2972 + 6(x) (2972 + 5x) 
 
(d) –1379 = (4256 + x) – (2972 + 6(x)) 
(d) –1379 = 1284 – 5 (x) 
(d –2663 = – 5(x) 
x (O–H) = 533 kJ mol–1 OR 532.6 kJ mol–1 

Correct method. (Shows 
understanding of 
relationship between 
enthalpy and bond-making 
and breaking.) 
 
Ie, equation 
OR 
(a) OR (b) 
 
 
(Calculation of the bonds 
broken and bonds formed 
may have ONE omission, eg 
miss out a C–C bond.). 

AND 
Correct answer with no 
working. 
OR 
Correct method with 
minor number 
transcription error. 
OR 
Correct answer with 
wrong sign. 
OR 
Correct answer with 
wrong / no unit. 
OR 
Both (c) statements 
correct. 
OR 
One (d) correct. 

Correct answer with working and 
correct unit. 

  A = 2a M = 2m / 1m + 2a E = 1e + 2a / 1e + 1m 
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FOUR 
(a)(i) 
(ii) 

 
ZnS(s) → ZnS(ℓ) STATES NEEDED 
Energy / heat is absorbed / needed, to break forces between ions / 
particles, OR to separate particles to form a liquid. 

(i) OR (ii) BOTH (i) and (ii)  

(b) The instantaneous-induced dipoles (temporary dipoles / dispersion forces / 
London forces) in each substance are the same as the molar mass and 
hence the size of the electron cloud is the same.  
CH3CH2CH3 is a non-polar molecule so has temporary dipole 
intermolecular forces only (TDP). 
CH3CH2OH is the same size, so same temporary dipole forces. 
CH3CH2OH is a polar molecule so also has permanent dipole forces 
between molecules – these are stronger than the temporary dipoles. 
And CH3CH2OH also has an H atom bonded to an atom of high 
electronegativity (Eneg), so can also form hydrogen bonds (H bond) 
between the molecules – these are strongest intermolecular force.  
So the forces of attraction between CH3CH2OH molecules are stronger 
thus this substance has a higher boiling point. 

• Identifies that there is a 
difference in 
intermolecular forces in 
each molecule. 

• Eg CH3CH2CH3 has 
temporary dipoles only 
and CH3CH2OH has 
permanent dipoles / H 
bonding. 

• Identifies that 
CH3CH2CH3 is non-polar 
and CH3CH2OH is polar / 
has hydrogen bonding. 

Links different named 
intermolecular forces to 
difference in boiling points: 
• Similar mass so similar 

temp dipoles. 
AND 

• CH3CH2OH is polar so has 
permanent dipole forces 
which are stronger than 
temporary dipole forces. 

 
OR 
CH3CH2OH has H bonded to 
an atom of high Eneg. so can 
form H bonding with other 
molecules which is stronger 
than TDP. 

 

(c) Both molecules are polar, so same permanent dipole forces. 
Able to form same hydrogen bonds to other molecules (because the –O–H 
group is attracted to the O–H of adjacent molecules) so H bonding force 
the same. 
The difference in the boiling points is related to the shape of the molecule 
– one molecule having a straight chain, the other, a branched chain.  
The straight chain butan-1-ol molecules can pack together more closely / 
less stearic hindrance / more surface area for formation of temporary 
dipoles than the 2-methylpropan-2-ol molecules,  
so even though the molecules have the same molar mass (and so normally 
same temporary dipole forces) there will be stronger instantaneous / 
tempoary dipole attraction in the straight chain molecule, thus increasing 
the boiling point. 

• Relates difference to 
shape. 

 
Eg butan-1-ol has a 
different shape to  
2-methylpropan-2-ol 
 
OR 
butan-1-ol is a straight 
chain molecule whereas  
2-methylpropan-2-ol is a 
branched chain. 

Both molecules have the 
same polarity / H bonding 
AND 
temporary dipole between 
branched molecule is less 
than between straight chain 
molecule,  
OR 
In the branched molecule 
intermolecular forces 
(implied) are less because 
molecules cannot pack 
together as closely. 

Identifies all 3 intermolecular 
forces and correctly explains 
why it is the shape that affects 
the size of the temporary 
dipoles (even though both 
molecules have the same 
molar mass) and relates to 
their boiling points. 
 
 
 
(NOTE: using unqualified 
abbreviations reduces grade 
by one). 

  A = 2a M = 2m / 1m + 2a E = 1e + 1m / 1e + 2a 
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Judgement Statement 

Achievement Achievement with Merit Achievement with Excellence 

3 A 
OR 

1 M / E + 1 A 

3 M 
OR 

2 E + 1 A 
OR 

2 M + 2 A 

3 E 
OR 

2 E + 1 M + 1 A 

 
NOTE: 
Lower case a, m, e may be used throughout the paper to indicate contributing evidence for overall grades for questions. Only upper case A, M and E grades shown at the 
end of each full question are used to make the final judgement. 
 
 


