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Subject Details: Chemistry HL Paper 3 Markscheme

Mark Allocation 

Candidates are required to answer questions from TWO of the options [2 x 25 marks].  Maximum total = 
[50 marks]. 

1. A markscheme often has more marking points than the total allows.  This is intentional.

2. Each  marking point  has a separate  line and  the end is shown by means of a semicolon (;).

3. An alternative answer or wording is indicated in the markscheme by a slash (/).  Either wording can 
be accepted.

4. Words in brackets (   ) in the markscheme are not necessary to gain the mark.

5. Words that are underlined are essential for the mark.

6. The order of marking points does not have to be as in the markscheme, unless stated otherwise. 
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Option A — Modern analytical chemistry 

1. (a) each (type of) bond absorbs a specific frequency/wavelength/wavenumber (of IR
radiation); 
bonds absorb radiation that has same frequency as their natural frequency of 
vibration; 
(frequencies/wavenumbers associated with) troughs/peaks/region (in IR 
spectrum) allow identification of bonds (present in molecule); [2 max] 

(b) compound A;
contains CO corresponding to the absorption at (about) 1760 cm1/
17001750 cm1 (from data booklet);
Accept any specific value in the range 17001780 cm1 or any range given
between 1680 cm1 and 1820 cm1.

contains OH of a carboxylic acid corresponding to the absorption at (about)
3000 cm1/2500–3300 cm1 (from data booklet) / does not contain OH of an alcohol
corresponding to absorption in the range 3200–3600 cm1 (from data booklet); [3] 
Accept any specific value in the range 2800–3200 cm1.

Award [1 max] for answers choosing compound B because it contains CO
and OH.

(c) compound C: (is the only one that) has 6 signals;
compound A: has 5 signals with ratio of areas 3:2:2:2:1;
compound B: has 5 signals with ratio of areas 3:3:2:1:1; [3] 

The numbers in the ratios can be in any order.
Accept “peaks” for “signals”.

Award [1 max] for M2 and M3 for stating “A and B have 5 signals each”.
Award [2 max] for stating “A and B have 5 signals each and C has six signals”.

2. (a) identification of metal (ions) in
water/solutions/blood/urine/soil/plants/foods/pharmaceuticals/oils; 
determination of the concentration of metal (ions) in water/solutions/ 
blood/urine/soil/plants/foods/pharmaceuticals/oils; [1 max] 
Accept specific metal ions or specific examples. 
Accept “detection” for “identification” or “determination”. 

(b) Fuel:
forms a combustion mixture;
Accept “creates a high temperature / produces heat”.
Accept “(produces a flame that) atomises sample”.
Do not accept just “vaporizes sample”.

Monochromatic detector:
determines absorbance/intensity of light absorbed (at each wavelength) /
compares the intensity of the beam passing through the sample with the
reference beam (for each wavelength) / converts the intensity of light (absorbed)
into an electrical signal; [2] 
Accept “amount of absorption” or “amount of light absorbed” instead of “intensity
of light absorbed”.
Do not accept just “detects absorbance/absorption”.
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3. (a) Absorption spectra:
electrons absorb a photon/light/wavelength/frequency/energy/radiation and move 
to higher energy level(s); 
Accept “excited state(s)” for “higher energy level(s)”. 

Emission spectra: 
(excited) electrons move down to lower energy level(s) and release a 
photon/light/wavelength/frequency/energy/radiation; [2] 
Accept “state” for “level” throughout. 

Award [1 max] if the movement between energy levels is described correctly but 
the involvement of a photon/light/wavelength/frequency/energy/radiation is omitted. 
Accept suitable diagrams. 

(b) electric discharge is passed through the sample / high voltage/potential applied
(under reduced pressure) / sample is heated strongly;
sample emits a photon/light/wavelength/frequency/energy/radiation that is passed
through a prism/diffraction grating (to separate the wavelengths); [2] 

4. (a) double bonds / pi/ electrons; [1] 
Accept “pi/ bonds”. 
Accept “unsaturation/unsaturated groups” or “conjugation”. 
Accept specific chromophores such as “carbonyl/CO” and accept “CC”. 
Accept “benzene ring/aromatic ring”, “phenol”, “phenyl” (though not strictly 
correct) but not “benzene / arene”. 

(b) octyl salicylate (offers better protection);
less conjugation in octyl salicylate / more (extensive) conjugation in
dioxybenzone;
(better protection because) absorbs higher frequency/shorter wavelength (more
harmful radiation); [3] 
M3 can be scored independently of M1 and M2.

5. (a) Stationary phase:
long-chain/high molecular mass/large hydrocarbon/alkane (adsorbed/coated on 
solid support) / high boiling point/non-volatile liquid / carbowax / silicon 
dioxide/silica/SiO2 (as solid support) / aluminium oxide/Al2O3 (as solid support); 
Accept “polymer”. 
Do not accept just “solid support” or “oxide”. 

Mobile phase: 
inert/noble/unreactive gas / He / Ar / N2;  [2] 
Do not accept just “gas”. 
Accept “H2” or “CO2”. 
Accept either formula or name. 

(b) substances have different affinities/solubilities/adsorption for the
hydrocarbon/alkane/stationary phase/oxide (and carrier gas/mobile phase) /
components partitioned between stationary and mobile phases/two phases based
on their relative affinities/boiling points/volatilities/solubilities (in the two phases) /
OWTTE;
different retention times / emerge at different times / travel at different rates; [2]
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(c) area under (alcohol) peak (is proportional to its concentration/standard/amount); [1] 
Accept “size of peak”.
Do not accept “height of peak”.

(d) (sugar) would decompose at the high temperature used; [1]
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Option B — Human biochemistry 

6. (a) (i)

; [1] 

(ii) (α-glucose) OH/hydroxyl on C1 is below the ring; [1] 
Accept “alcohol/hydroxy” for “OH/hydroxyl” but not “hydroxide”.  Penalize
this once only on paper.

(b) (β-)1,4 glycosidic; [1] 
Accept “(β-)1,4 glycoside”.
Accept “1-4” for “1,4”.

7. (a) vitamin C more soluble as it has four/several/more OH/hydroxyl (groups);
forms hydrogen bonds with water; [2] 
Accept converse argument for vitamin D. 
Accept “alcohol/hydroxy (groups)” for “OH/hydroxyl (groups)” but not “hydroxide”. 
Penalize this only once on paper. 

Award [1 max] for stating “Vitamin C is water-soluble and Vitamin D is fat-soluble”. 

(b) (eating) fresh foods/fruits / foods rich in vitamins/minerals;
adding nutrients missing in commonly consumed foods / (vitamin/mineral)
fortification;
providing (nutritional) supplements;
Accept any specific examples.

genetic modification of food;
educating the population in healthy eating/taking a balanced diet / better labelling
of food with more information on products / OWTTE; [3 max] 

8. (a) (i) substrate/glucose binds to active site / lock and key mechanism / formation
of substrate/glucose-enzyme complex / induced fit mechansim; 
Accept “active site (of enzyme) and substrate have complementary 
shape/structure”. 
Accept “model” for “mechanism”. 

active site depends on tertiary/quaternary enzyme structure; 
(as substrate/glucose binds) bonds break and products/enzyme released; [2 max] 

(ii) at higher temperatures enzyme becomes less effective/inactive/denatured;
tertiary structure becomes disrupted / active site deformed / OWTTE; [2]
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(b) At its isoelectric point:

; 

Accept alternate structure where C has NH2 and NH3
 is at end of carbon 

chain. 

At a pH well below its isoelectric point: 

H3N CH COOH

CH2 CH2 CH2 CH2 NH3 ; [2] 

Accept 

. 

Accept alternate structure where C has NH2 and NH3
 is at end of carbon 

chain. 

9. (a) (i) aerobic and (ii) anaerobic; [1] 

(b) Cytochromes:
carry/transports electrons;
Accept “catalyse (redox) reactions/act as enzymes”.

Hemoglobin:
carries/transports oxygen (in the blood) / iron (in hemoglobin) can bond to oxygen
(to form oxyhemoglobin); [2] 

10. (a) Progesterone:
(two) carbonyl (groups) and alkene; 
Accept “ketone” and “alkenyl/carboncarbon double bond”. 

Estradiol: 
(two) hydroxyl (groups) and benzene ring/aromatic ring; [2] 
Accept “alcohol”, “hydroxy” for “hydroxyl”, “phenol” for “benzene ring/aromatic ring” 
but not “hydroxide”, “benzene” or “phenyl”.  Penalize this once only on paper. 
Award [1 max] for one different functional group identified for both hormones. 

(b) Medical use:
increase/recover muscle mass / induce (delayed) male puberty / treat hormone
disorders/sex change;
Do not accept just “gains weight”.

Example of abuse:
taken as performance enhancing drugs/PED (in sports to gain unfair advantage) /
OWTTE; [2] 
Do not accept “increase/recover muscle mass” or just “overuse” for abuse.
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11. (a) two (poly)nucleotide strands (coiled around same axis);
sugar-phosphate backbone (on outside); 
Accept “deoxyribose/pentose” for “sugar” but not “ribose”. 

nitrogenous bases (on inside); 
strands held together by hydrogen bonding (between bases) / hydrogen bonding 
between bases; 
only certain base pairings possible / T–A and C–G; [3 max] 
Marks may be scored from suitably labelled diagrams. 

(b) criminal/forensic cases / paternity/maternity determination / mapping of
evolutionary trees of extinct species (in palaeontology) / determination of
population/family relationships (in study of migration/ecology/evolution) /
identification of victims following a disaster (eg, from a tsunami etc.); [1]
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19. (a) (i)

both chiral centres correctly identified; [1] 

(ii) different enantiomers have different (physiological) effects on the body /
OWTTE;

one enantiomer of thalidomide used to treat morning sickness/induced
sleep in pregnant women but other caused fetal abnormalities/other was
teratogenic / one enantiomer of ibuprofen more
effective/(pharmacologically) active compared to other / one DOPA
enantiomer helps management of Parkinson’s disease/DRD/Segawa’s
disease but other has no effect; [2] 
Do not accept just “causes calmness” for “treating morning sickness”.
Accept “one enantiomer of ibuprofen has analgesic/anti-inflammatory
properties (but other does not)”.
Accept “isomer” for “enantiomer”.
M1 may be scored if M2 is correct.

(b) chiral auxiliaries are chiral/optically active (reagents) / OWTTE;
(chiral auxiliary) attaches to/reacts with non-chiral molecule/substrate (allowing
desired enantiomer to form) / chiral auxiliary creates stereospecific condition to
follow specific pathway forming one/desired enantiomer / OWTTE;
once desired enantiomer forms chiral auxiliary is removed/recycled; [2 max] 

(c) (i) increase (mental) alertness/brain activity;
 Do not accept just “increase concentration”. 

relax air passages; 
reduce appetite; 
(in large amounts) can cause 
restlessness/sleeplessness/insomnia/delusions/hallucinations/fits; 
cause palpitations/tremors; 
increase blood pressure / constricts blood vessels; 
increase heart rate; [2 max] 
For (mental) alertness/brain activity, blood pressure and heart rate there 
must be reference to an increase in these. 
Do not accept “increase in sweating”. 
Do not accept “addiction”. 

(ii) mimics effect of adrenaline / stimulates sympathetic nervous system; [1] 
Do not accept “mimics sympathetic nervous system”.

(iii) drug molecule becomes ionic/more polar / amino (group) converted into
ion/salt;
Accept “amine” for “amino”.

increases solubility in water / more concentrated in blood stream / more
easily absorbed by body; [2]
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34. (a)

; [1] 
Accept either a condensed or full structural formula. 

(b) (CH3)2CCH2CH3;
more electron-releasing/electron-donating groups in tertiary / inductive effect of
alkyl groups pushes electron-density onto positive carbocation in tertiary /
OWTTE;
tertiary carbocation more stable than secondary carbocation / OWTTE; [3] 

Do not award marks for reference to Markovnikov’s rule without explanation.
Accept structure of secondary carbocation for M1 if consequent converse
argument is then conveyed (eg M3: secondary less stable than tertiary).

35. For the Cl atom directly attached to the ring:
CCl bonds stronger/less polar owing to delocalization of lone pair on Cl (with the pi
electrons in benzene ring) / pi electrons in benzene ring repel OH/nucleophile /
benzene ring/electron cloud prevents OH attacking from opposite direction to CCl
bond / OWTTE;

For the Cl atoms attached to the C2H4 group:
OH/nucleophile attacks the electron-deficient/δC atom attached to Cl; [2] 

36. 

B or A: CH3CH2COOH; 

[3] 

Accept full or condensed structural formulas. 

37. (a)     3 2 4 2 4 3HNO 2H SO NO 2HSO H O

OR 
  3 2 4 2 3 4HNO H SO H NO HSO  and   2 3 2 2H NO NO H O ; [1] 

Do not penalize use of single arrow. 

Accept    3 2 4 2 4 2HNO H SO NO HSO H O . 
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 (b) 

NO2

NO2NO2

H

+NO2

+ H+

curly arrow going from delocalized electrons in benzene to NO2; 
Do not penalize if NO2

 is written. 

representation of cation with correct formula and positive charge on ring; 
curly arrow going from CH bond to benzene ring cation; 
formation of organic product nitrobenzene and H; [3 max] 
Allow mechanism with corresponding Kekulé structures. 

(c) nitro/NO2 (group) deactivates ring/is electron-withdrawing/reduces electron
density in ring (hence ring becomes less reactive towards electrophile); [1] 
Accept “negative inductive effect” for “electron withdrawing”.

(d) in 2- and 4- positions intermediate carbocation has positive charge on carbon
atom bonded to methyl group;
Accept a diagram showing this intermediate.

carbocation is stabilized by positive inductive effect of methyl group / OWTTE; [2] 
Do not award M2 for stating “methyl is electron-donating/activating” alone.
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