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Gen er a l  

 
Som e students were very well-prepared for this exam inat ion and scored high m arks.  

Many students were able to dem onst rate that  they had a sound knowledge of the topics 

in the specificat ion and could apply this to the quest ions with just  a few errors or 

om issions.  Som e students would benefit  from  m uch m ore preparat ion to ensure that  

they know the basic facts, can express their ideas clearly and carry out  calculat ions, 

showing their working. 

 

Sect ion  A 

The m ean m ark for the m ult iple choice quest ions was 13.55, which is slight ly lower than 

for som e past  papers.  The highest  scoring quest ions were 3 and 9a, with 90%  of 

students achieving these m arks.  The m ost  challenging quest ion was 2, with just  8.4%  of 

students achieving this m ark. 

 

Sect ion  B 

 

Qu est ion  1 8  

Although m any students knew the m eaning of the term  'relat ive atom ic mass' in (a) ( i) ,  

m any did not  score three m arks due to the omission of key words or use of incorrect  

term inology.  Som e students did not  refer to 'weighted m ean' or 'average' m ass so they 

lost  the first  m ark. Som e students referred to an elem ent  instead of an atom , so they 

lost  the second m ark.  A few students referred to an individual isotope, possibly 

confusing this with relat ive isotopic m ass. Som e students just  com pared the m ass of an 

atom  with 1/ 12 of a carbon-12 atom  or com pared it  with 12 g of carbon-12, so they lost  

the third m ark. 

 

Many students scored both m arks for (a) ( ii) ,  showing a clear understanding of how 

posit ive ions are form ed in a m ass spect rom eter. Some students just  ment ioned the use 

of an elect ron gun without  describing what  it  does.  A few students just  stated that  

posit ive ions are form ed and om it ted to say that  the outer elect ron is knocked off to form  

the posit ive ion.  A sm all num ber of students did not  read the quest ion carefully and they 

at tem pted to describe the inject ion and vaporisat ion of the sample followed by 

accelerat ion, defect ion and detect ion of the ions once they are form ed.  A few students 

m ent ioned highly charges elect rons instead of high energy or high speed elect rons. 

 

Many students scored both m arks for (a) ( iii)  as they were able to carry out  the 

calculat ion correct ly and give their  answer to three significant  figures, although som e 

m isinterpreted this as three decimal place. Some students lost  a m ark as they gave m ore 

than three significant  figures in their  f inal answer. A sm all num ber of students calculated 

an incorrect  value from  correct  working and a few included an incorrect  unit , such as %  

after their answer. Students should not  include any units for a relat ive atom ic mass. A 

few students t ranscribed num bers from  the table incorrect ly, although they could gain 

the second m ark if they m ade only one such error.  A few students rounded the num bers 

in the table to three significant  figures before carrying out  the calculat ion. Students 

should be aware that  incorrect  rounding will be penalised. 

The m ajority of students stated that  st ront ium  is in the s block of the periodic table. A 

small num ber placed a number in front  of the s, e.g. 5s, and did not  score a m ark. 

A disappoint ingly large num ber of students thought  that  st ront ium  chlor ide has covalent  

bonding so they did not  score any m arks for this quest ion.  Som e students did not  use 

the periodic table, even though they had just  looked up st ront ium  in the previous 

quest ion to see that  it  is in the s block, and they showed a st ront ium  ion with 1 posit ive 

charge. Students should be encouraged to m ake use of the periodic table on the back of 

the exam inat ion paper to help them  with their  answers. A few students showed one 



 

st ront ium  atom  combined with four chlor ine atom s, possibly confusing st ront ium  with 

silicon. I ncorrect  sym bols used for st ront ium  included S and St  and these lost  a m ark. 

Many students scored 2 m arks for  the balanced equat ion and state sym bols;  however, 

m any students do need m ore pract ice at  wr it ing balanced equat ions. Some students 

com pleted the equat ion with hydrogen or oxygen instead of water, so they lost  both 

m arks. Some students thought  that  a nit rate ion had a 2-  charge so the form ula for nit r ic 

acid was frequent ly wr it ten incorrect ly as H2NO3 and st ront ium  nit rate as SrNO3.   

Students should be encouraged to write the state sym bols clearly as they will not  be 

given the benefit  of the doubt  if (s)  looks like (g) . 

A large m ajority of students scored 3 m arks for  calculat ing the correct  em pir ical form ula. 

Som e incorrect  answers included:  dividing the relat ive atom ic m asses by the 

percentages, m ult iply ing the relat ive atom ic masses by the percentages, rounding the 

num bers too early in the calculat ion, rounding num bers incorrect ly ( for exam ple, 

rounding 3.993 to 3) , using atom ic num bers instead of relat ive atom ic m asses (even 

though these were given in the quest ion)  and writ ing num bers or symbols carelessly and 

m aking slips. A few students calculated the correct  rat io but  then applied it  incorrect ly to 

give Sr4C2O. 

 

Qu est ion  1 9  

The m ajority of students scored two m arks for (a) ( i)  as they knew the order of f illing the 

sub-shells and how the orbitals are filled.  A few students labelled the sub-shells 

incorrect ly and a few filled the orbitals incorrect ly. 

 

Although m any students did score 2 m arks for  (a) ( ii) ,  there were a significant  num ber who 

used the term s orbital, shell and sub-shell interchangeably, showing a lack of 

understanding.  Some students referred to an 'energy shell' and it  was not  clear whether 

they meant  energy level,  shell or a com binat ion of these. Students should be discouraged 

from  using this term . Som e students chose to answer the opposite quest ion and described 

why phosphorus has a higher first  ionizat ion energy than sulfur.  These students scored 

one m ark for a correct  answer in terms of the stabilit y of the half- filled 3p sub-shell.  

I ncorrect  answers often included references to size and shielding. 

The m ajority of students scored both m arks for the equat ion showing the third ionisat ion 

energy of phosphorus. Com m on incorrect  answers included:  incorrect  state sym bols or 

no state sym bols, adding an elect ron to the P2+  ion to form  P3+ ,  removing three elect rons 

from  a phosphorus atom  and using an incorrect  symbol for phosphorus. 

 

Many students st ruggled to express their  ideas clearly in (b) ( i) .  Correct  points were often 

poorly expressed and surrounded by irrelevant  points and incorrect  chem ist ry.  Some 

students repeated the sam e point   two or three t im es and did not  m ake it  clear whether 

they were discussing nit rogen or phosphorus and they seem ed to swap part  the way 

through so their  responses appeared to contain cont radictory statements. I mprecise 

language, for example, just  stat ing that  phosphorus is bigger than nit rogen, is not  

rewarded. Students should refer to the correct  types of part icles, so nit rogen atoms have 

a smaller radius than phosphorus atoms, does score a m ark, although the use of ions or 

m olecules here is incorrect  and loses the m ark.  Many students did score the first  two 

m arks but  they often lost  the third m ark as they did not  concent rate on com paring the 

at t ract ion between the nucleus and the outer elect ron. A few students stated that  

nit rogen and phosphorus have the sam e nuclear charge or the sam e effect ive nuclear 

charge. 

The m ajority of students were able to draw a correct  dot  and cross diagram  to show the 

bonding in a m olecule of nit rogen. Comm on errors included:  drawing a single or double 

bond instead of a t r iple bond and om it t ing the lone pair on each nit rogen atom . Som e 

students drew two nit rogen atom s alongside each other but  with a large gap and it  was 

not  clear that  they were sharing elect rons. 

Many students scored two m arks for calculat ing the num ber of m olecules in the sam ple 

of phosphorus. Comm on errors included:  using the atom ic num ber of phosphorus as 15 



 

instead of the relat ive atom ic m ass given in the quest ion, not  not icing that  the form ula of 

phosphorus m olecules is P4 so not  m ult iply ing the relat ive atom ic m ass by 4 to find the 

relat ive m olecular m ass and m ult iplying the num ber of m olecules by 4 in the second step 

in the calculat ion. 

 

Qu est ion  2 0  

Many students were able to draw the displayed form ulae of the three correct  

isom ers.   The most  common error was that  of twist ing or rotat ing pentane and/ or           

2-m ethylbutane.  Students should check that  they have drawn com pletely different  

isom ers.  A few students om it ted one or m ore hydrogen atom s and they were 

penalised.  A few students chose to draw more than three isom ers, with the addit ional 

isom er(s)  being incorrect , such as a cyclic com pound, or a duplicate of one already 

drawn.  These students lost  a m ark for not  reading the quest ion.  They should have 

crossed out  the isom er that  they did not  want  to be m arked. 

Many students could classify the react ion as free radical subst itut ion but  unfortunately 

some of them  negated a m ark by including other incorrect  words such as heterolyt ic. 

 

Many students did score full m arks for  (b) ( ii)  and ( iii)  but  som e students showed a 

m isunderstanding between which species were free radicals and which were m olecules.    

I t  was not  unusual to see unbalanced equat ions. The form at ion of hydrogen free radicals  

in ( ii)  always resulted in no m arks for that  part .  A few students included an addit ional 

incorrect  equat ion and they lost  a m ark.  Som e students ignored the inst ruct ion to start  

with C5H12 and started with a different  species.  A few students wrote an equat ion to form  

2Cl in ( iii)  instead of Cl2. 

 

The m ajority of students carr ied out  the calculat ions in (c)  correct ly.  I n part  ( i)  som e 

students did not  convert  their  answer into kilojoules. Only a very sm all num ber of 

students were unable to calculate the num ber of m oles in part  ( ii) .   I n part  ( iii)  som e 

students rounded their  answer incorrect ly, som e forgot  to include the m inus sign and 

some gave an incorrect  unit . Com mon incorrect  units included kJ/ mol-1 and kJ m ol-.  

Students did find it  m ore difficult  to score m arks for  (c) ( iv)  and (v) . I n part  ( iv) , m any 

were able to give one or two reasons for the large difference between the Data Book 

values and the experimental value. Comm on answers that  did not  score a m ark included:  

not  measured at  standard condit ions, m easurem ent  errors in the therm om eter or balance 

and evaporat ion of water.  These were not  incorrect  but  they would not  account  for the 

large difference between the values, so they were not  penalised. Very few students gave 

the best  answers for part  (v)  that  the experimental errors are greater than the 

differences between the Data Book values or that  the experim ental value is less 

exotherm ic than all of the Data Book values. However, som e students did score a m ark if 

they realised the significance of all the Data Book values being close together. Som e 

students wrote about  m ean bond enthalpies in both parts of this quest ion, even though 

these were not  relevant  here. A few students discussed the degree of covalent / ionic 

character, possibly confusing this with lat t ice energies. Many students just  re-stated the 

quest ion. 

 

Many students were able to com plete the Hess cycle and carry out  the calculat ion 

correct ly in (d) . Som e students did not  included state symbols for the elem ents in the 

box and some used incorrect  species such as 12H and 16O. Different  students drew all 

combinat ions of arrows point ing upwards and downwards, showing that  they were not  

really clear about  what  the arrows represent . A significant  num ber of students did not  

use the balancing num bers in their  calculat ion;  however they were given a m ark for a 

correct  consequent ial answer with the correct  sign. 

 

 

 

 



 

Qu est ion  2 1  

A surpr isingly large num ber of students wrote the nam e of the alkene instead of the 

m olecular form ula in (a) ( i) . 

Many students scored one m ark for knowing and correct ly expressing one of the m arking 

points. Fewer students were able to score both m arks. A few students were confused by 

the idea of rotat ion or lack of it  and som e thought  that  the m olecule was unable to 

rotate. The use of molecular m odels m ay help to clear up this m isunderstanding.  Many 

students om it ted to say that  each carbon atom  in the double bond has two different  

groups at tached and a small num ber incorrect ly referred to 'm olecules' at tached to the 

carbon atom s.  Students should t ry to use correct  scient ific term inology in their  answers. 

The m ajority of students knew that  brom ine water was needed for React ion 1. A comm on 

incorrect  answer was BrOH. 

Many students were able to ident ify propane-1,2-diol as the organic product  A .  Som e 

students lost  the m ark by a poor st ructure or by giving a correct  st ructure and an 

incorrect  nam e.  Students should always m ake sure that  they draw a bond between a 

carbon atom  and the oxygen atom  of the OH group and not  the hydrogen atom . Som e 

students gave a m olecular form ula but  this does not  show which carbon atom s the       

OH groups are joined to as does not  ident ify A .   Som e students gave propane-1,3-diol as 

the product  showing that  they did not  understand the concept  of addit ion react ions of 

alkenes. 

 

The m ajority of students wrote the correct  colour change in (b) ( iii) .   A few students 

confused potassium  m anganate(VI I )  with potassium  dichrom ate(VI )  and wrote orange to 

green. 

 

Many students were able to draw the correct  m echanism  in (b) ( iv)  and score full 

m arks.  Com m on errors included:  om it t ing the dipole on HBr or writ ing full charges 

instead of part ial charges, im precise curly arrows, om it t ing the lone pair  or the negat ive 

charge on the brom ide ion, showing a part ial charge on the brom ide ion and drawing the 

interm ediate to form  1-brom opropane instead of 2-brom opropane. A few students did not  

read the quest ion and drew the m echanism  for the addit ion of Br2. 

Many students were able to draw two correct  repeat  units of the poly(but -2-ene) . 

Com m on errors included:  m issing one or m ore hydrogen atoms, drawing 8 carbon atoms 

in a chain with no CH3 branches and m issing one or both cont inuat ion bonds. A few 

polym ers were seen with double bonds left  it .  A few students drew two separate repeat  

units but  repeat  units should always be drawn joined together. 

 

Many students were able to carry out  the two calculat ions in (d)  correct ly.  Som e 

students worked out  incorrect  relat ive m olecular m asses for the two com pounds as they 

did not  realise that  two hydrogen atom s are lost  when the carbon atom s join to form  a 

r ing st ructure.  However, they were only penalised once for this error.  Som e students 

seem ed unfam iliar with percentage yield calculat ions and they just  found the percentage 

of one m ass over the other.  

I n order to im prove their perform ance, students should:   

 read the quest ion carefully and m ake sure that  you are answering the quest ion 

that  has been asked. 

 learn the m eanings of all the key term s in the specificat ion. 

 be careful how you use the words atom, ion and molecule and always check that  

you have referred to the correct  type of part icle. 

 show all your working for calculat ions. 

 use the periodic table to help you to work out  the bonding in unfam iliar 

com pounds and the charges on ions. 

 check to m ake sure that  equat ions are balanced. 

 draw all of the hydrogen atoms on displayed formulae of organic com pounds. 

 check that  the sign and units are correct  in calculat ions involving enthalpy 

changes. 



 

 be careful how you draw curly arrows in organic m echanism s. 

 draw the st ructure of the m onomer before at tem pt ing to draw the st ructure of a 

polym er.  

 

 



 

Gr ad e Bou n d ar ies 

 

Grade boundaries for this, and all other papers, can be found on the website on 

this link:  
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