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Answer any four questions

1 Ethanedioic acid is a substance found in many plant foods. Cabbage is among the plant foods
with high ethanedioic acid content. However, its anion, C,04? can bind to iron to form iron (Il)
ethanedioate, which renders much of the iron in cabbage unusable by the body.

(@) 50.0 cm?® sample of iron(ll) ethanediaote, FeC,04 was extracted from 300 g of cabbage,
diluted in water and the solution made up to 250 cm®. A 25.0 cm? portion of this solution
was acidified and required 26.90 cm? of 0.0100 mol dm potassium manganate(VIl) for
oxidation of iron(ll) to iron(lll) and ethanedioate ions to carbon dioxide.

(i)  State the change in oxidation number for manganese and carbon in the reaction.

[1]

Mn:  From +7 to +2 [Or decrease by 5]
C: From +3to +4 [Or increase by 1]

(i)  Write down all the relevant ion-electron half equations and hence the overall redox
equation for the reaction between potassium manganate(VIl) and iron(ll)
ethanedioate. [2]

MnO4 + 8H* + 5" > Mn?* + 4H,0
o C2042' — 2C0O, + 2e°
Fe’* »> Fe* + e
e 3MnOys + 24H* + 5C,04% + 5Fe?* —» 3Mn?* + 5Fe® + 12H,0 + 10CO»

(iii) Calculate the concentration, in mol dm=3, of iron(ll) ethanedioate in the original
sample [2]
_ 5
e Number of moles of FeC,04in 25.0 cm?® = §X 2.69 x 10*
=4.48 x 10* mol

Number of moles of FeC,04 in 250 cm3= 4.48 x 10 x 250/25.0
=4.48 x 10°mol

4.48x10°

50x10°
= 0.0896 mol dm-

e Concentration of FeC,04 in the original sample =

(iv) Calculate the number of moles of iron in each gram of cabbage. [1]

4.48x10°

300
=1.49 x 10° mol/g

e No. of moles of iron per gram of spinach =
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(b) Ethanedioic acid dissociates in water according to the following equation.
HOOC-COOH + H,O ——— HOOC-COO" + Hz0*

The table below compares the K, values of three organic acids.

Formula Ka
Ethanoic acid CHsCOOH 1.74x 10°
Ethanedioic acid HO,CCO,H 6.46 x 102
Oxoethanoic acid (CHO)COOH 479 x 10*

With reference to the Ka values, comment on the order of acidity of the three organic
acids. [2]

The bigger the Ky, the stronger the acid. Acid strength is dependent on the stability
of the anion formed when the acid ionises. The more stable the anion, the stronger
is the acid.

Strength of acid: Ethanedioic acid > Oxoethanoic acid > Ethanoic acid

e Oxoethanoic acid is a stronger acid than ethanoic acid as -CHO group is electron
withdrawing. The negative charge on the anion is dispersed, thereby stabilizing
the ion compared to ethanoate ion.

e Ethanedioic acid is the strongest acid as stabilisation of the monoanion by
intramolecular hydrogen bonding with the unionised —COOH group results in the
highest K, value compared with the other two acids.

(c) Compound A, with molecular formula CsHsO, decolourises aqueous bromine and reacts
with PCls giving off white fumes. Upon refluxing A with acidified potassium
manganate(VIl), a symmetrical product B, CsHsOs, is formed. B does not give a red
precipitate with Fehling’s solution but an orange precipitate is observed with
2,4-dinitrophenylhydrazine. 1 mole of B also reacts with 1 mole of Na,COs; with
effervescence observed. B reacts with NaBH4 to form C. Deduce the structures of
compounds A, B and C, explaining the chemistry of the reactions involved. [8]

e A decolourises agueous bromine = C=C present

e Areacts with PCls giving off white fumes of HCl = -OH present
A undergoes oxidation with KMnO4 where the —OH group is oxidised and C=C
in aring undergoes total bond cleavage to form B
OR A undergoes oxidation with KMnO, to give a symmetrical product B with no
loss in Catoms = C=Cisin aring and A is a cyclic compound

e B does not give a red precipitate with Fehling’s solution but form an orange
precipitate with 2,4-dinitrophenylhydrazine = B is a ketone and A is a 2° alcohol

e 1 mole of B also reacts with 1 mole of Na.CO3z = B has 2 -COOH groups.

e B reacts with NaBH, to form C = only the carbonyl group in B is reduced but
the carboxylic acid groups remain unaffected.
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(d) @

(i)

OH

P

_HO—C—CH,-C—CH,-COOH

O OH o

HO—~C—CH;—CH —CHs C—0H
(9 marking points: Maximum 8)

Describe what you see when separate samples of sodium and sulfur are burned in
excess air. Write equations for the reactions that occur. [2]

Sodium burns readily with a brilliant yellow flame in air or oxygen to form white
sodium oxide, NazO.

4Na(s) + 0O2(g) — 2NaxO(s)

Sulfur burns slowly with a blue flame on heating in air or oxygen to form
colourless sulfur dioxide, SO,. (Note: SOsis not formed)

S(s) + 02(g) — SO02(g) or Sg + 80, —» 8S0O;

e Both equations correct
e Both observations correct

The products resulting from the reactions in (d)(i) both react with water. Write
equations for these two reactions and describe the effect of the resulting solutions
on Universal Indicator solution. [2]

e NaO(s) + H0() > 2NaOH(aq)
Universal Indicator turns violet.

e SO(g) + H20() —» H2SOs(aq)
Universal Indicator turns red.

[Total: 20]
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2 Thallium is a Group Il element discovered in 1861, and its toxicity was quickly noted. Thallium
isotopes and compounds have useful applications, sometimes despite their toxic nature.

(@)

2016 TJC H2 Chemistry Preliminary Exam

Thallium forms compounds similar to aluminium, and thallium(l11) chloride and thallium(lIT)
fluoride have very different structures and bonding.

(i)

(ii)

(iii)

Draw and state the shape of thallium(lll) chloride, TICls. [1]

* ,Cl\

Trigonal planar

In gaseous phase, thallium(lIl) chloride is able to form a compound with a M, of 621.
Draw a dot-and-cross diagram of this compound, and state the CI-TI-Cl bond angle.

[2]
Based on the M;, the compound is TI2Cle.

e o oo .
oo .4\' I o (;:.I .4\' -\-.(;:ol
g .';I- "; oo o'T I"’. o

< o

* 109.5°
Explain, in terms of structure and bonding, why thallium(lll) fluoride has a high
melting point of 550 °C. [2]

e Thallium(lll) fluoride exists as a giant ionic lattice structure and

e a large amount of energy is needed to break strong ionic bonds between
oppositely charged ions.

[Turn Over



(iv) Thallium is also able to form thallium(l) chloride, which is crystalline in nature.

In the crystal lattice of sodium and potassium chlorides, the co-ordination number
of each ion is 6. In the crystal lattice of thallium(l) chloride, TICI, the co-ordination
number has a different value.

O Nat

Crystal lattice of sodium chloride

Suggest an explanation for the co-ordination number in the TICI lattice being
different from those in NaCl and KCI.. [1]

* The size of the TI" cations is larger than the Group | cations such as Na* and
K*More chloride ions can be packed around the larger TI* cations.

(b)  Thallium(lll) chloride, TIClIs, reacts with hot water to produce thallium(lll) oxide precipitate
and hydrochloric acid.

(i)  Write a balanced equation for the above reaction. [1]
* 2TICl5 + 3H.0 = TI,03 + 6HCI

(i) In an experiment, a 15 g impure sample of thallium(lll) chloride (M, = 310.5) was
mixed with hot water, and filtered. Water was then added to the filtrate to make a
standard solution in a 250 cm? volumetric flask. A 25.0 cm?® aliquot was titrated
against 0.5 mol dm= aqueous sodium hydroxide, requiring a titre of 22.00 cm3.
Determine the percentage purity of the sample.

You may assume that the impurities are insoluble in water and are inert. [2]

2TICl; = 6HCI

No of moles of NaOH =0.022 x 0.5 =0.0110 mol

No of moles of HCI produced from the sample =0.0110 x 10 = 0.110 mol
No of moles of TICl; in sample =0.110/ 3 =+ 0.0367 mol

Mass of TIClzin sample = 310.5 x 0.0367 =11.4 g

Percentage purity of TICl; in sample =11.4/ 15 x 100% = * 76.0%
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(c) Thallium(l) sulfate (M, = 504.1) was often employed as a rodenticide and is highly
poisonous. The lethal dosage is 16 ppm of the rat’'s mass. Assuming a typical rat has a
mass of 230 g, determine the number of moles of thallium(l) sulfate needed to kill a rat.

[2]
 Mass of thallium(l) sulfate needed for lethal dosage =230 x 16 / 10° = 0.00368 ¢
* No of moles of thallium(l) sulfate needed = 0.00368 / 504.1 = 7.30 x 10°® mol
(d) Thallium(lll) ethanoate, TI(CH3CO>)s, is able to react with an alkene through addition.
When cyclohexene reacts with thallium(lll) ethanoate, a compound with the molecular

formula C10H1604 is formed. Suggest the structural formula of this compound, and state
the number of stereoisomers that this compound has. [2]

CHsCOO OCOCH;s

* This compound has a cis- and a trans-isomer, and the trans-isomer is optically
active with two enantiomers. Therefore this compound will have_3 stereoisomers.

(e) %Tlis anisotope of thallium that is often used in medical diagnostics due to its radioactive
decay by electron capture with emission of gamma rays. The electronic configuration of
the Tl atom is [Xe]4f*5d°6s26p?.

Electron capture is a process in which a proton-rich nucleus of an atom absorbs one
electron from the first or second quantum shell to change one proton into a neutron.

(i)  Suggest the species formed, including the nucleon number, when 21Tl undergoes
electron capture. [1]

. 201Hg

(i)  The species formed immediately after electron capture is known to be in excited
state, before returning to ground state by emitting gamma rays.

Name the orbital where the excited electron is most likely located in, and explain
why high energy gamma rays are emitted when the species return to ground state.

[2]

* 6p. (can accept any orbital of higher energy than 6p)

* When the electron capture occurs, an inner shell (1 or 2) is now short of an
electron. The 6p electron_is at a high energy level, and needs to release a
large amount of energy to replace the absorbed electron in shell 1 or 2 as
the atom returns to ground state.
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(iii) A patient is typically injected with 0.02 pg of thallium for heart diagnosis. The
following graph shows the radioactive decay (through electron capture) of a 0.02 ug
sample of 2°1TI dissolved in 1 dm? of inert solvent.

[*T1] { pg dm
0.02\
\\- -
\
\\
0.01 \\
| | SER
™~
\\
—~—
0 >
100 200 300 Time/h

Using the graph, deduce the order of reaction for the radioactive decay of 2°1TI.  [2]

* From the graph, (t..). = (t..). = 75 h. Since t.; is constant,

¢ order of reaction is 1.

(iv) Hence, write the rate equation for this reaction and determine the rate constant,
stating its units. [2]

* rate = k[?°1TI]
ek=In2/t,=1In2/75h =0.00924 h

[Total: 20 m]
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3 The halogens and organic halides are useful laboratory reagents and have many applications.

(a) State and explain the difference in the reactions of chlorine and iodine with sodium

thiosulfate respectively. Write balanced equations for the reactions. [3]
AN
Cl, + e < 2CK E=+1.36V
I, + e ﬁ 21 E=+0.54V

e Oxidising power of the halogens decreases down the group as can be seen from
the less positive E value, hence iodine can only oxidise thiosulfate to
tetrathionate.

e 4Cl, + S;03* + 5H,O0 — 8CI + 2S0,* + 10H*

ol, + 282032' - 84062- + 21"

(b) Deduce which gas, fluorine or chlorine, would behave more ideally at low pressure.
Explain your answer. (1]

e Fluorine gas will behave more ideally. The electron cloud size of chlorine is
larger than fluorine, hence the van der Waals forces of attraction is stronger.

Organic halides are a group of compounds comprising alkyl halides, ethenyl halides and aryl
halides.

Alkyl halides are used as solvents for relatively non-polar compounds. They are also used as
the starting materials for the synthesis of many compounds.

(c) Alcohols react with hydrogen halides to produce alkyl halides.
(i)  Suggest the type of reaction that occur. [1]

e Nucleophilic substitution
(i)  2-iodopropane is formed from propan-2-ol in the presence of sodium iodide and
concentrated phosphoric acid.

Explain, with the aid of an equation, why concentrated sulfuric acid is not used. [2]

e The hydrogen iodide produced will be readily oxidised by concentrated
sulfuric acid to iodine hence will not be availble to react with the alcohol.
e 8HI + H,SO;s, — 41, + H,S + 4H,0

(d)

2-chloro-2-methylpropane undergoes alkaline hydrolysis to form 2-methylpropan-2-ol.

(i)  Name and describe the mechanism of the hydrolysis of 2-chloro-2-methylpropane.
[3]
e Nucleophilic substitution Sy1
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10

CHj CHj
|€>+ slow |
H,C——C——CH —_— C + CI
’ ( ’ H3C/ +\CH3
Cl
CH,4 CHs
| fast |

P — > HC——C—CHy
+
HsC CHs - |
:OH OH

(i)  With the aid of the Data Booklet, explain what will happen to the rate of reaction if
2-bromo-2-methylpropane was used instead. [2]
e BE(C-CI) = 340 kJ mol™*
BE(C-Br) = 280 kJ mol?

e Since bond energy of C-Cl is higher than that of C-Br, the bond strength of
C-Cl is greater than that of C-Br. Hence the reactivity of the alkyl halides
decreases in the order RBr > RCI. The rate of reaction will increase

(e) Ethenyl chloride is an important industrial chemical mainly used to produce the polymer,
PVC.

Ethyne reacts with anhydrous hydrogen chloride gas over a mercuric chloride catalyst to
give ethenyl chloride.

Cl
HC=CH + HCI ——>
H,C=—=cCH
ethyne ethenyl chloride

(i)  With the aid of the Data Booklet, determine the enthalpy change of the reaction.
[2]

ee AH, = enthalpy change for bond break + enthalpy change for bond form
= BE(H-CI) + BE(C=C) — [BE(C-CI) + BE(C-H) + BE(C=C)]
=431 + 840 — (340 + 410 + 610) = -89 kJ mol*

(i)  Explain why ethenyl chloride does not undergo alkaline hydrolysis readily. [1]

e The lone pair of electrons on chlorine delocalised across the double bond
resulting in partial double bond character in C-Cl bond, hence a stronger C—CI
bond which is harder to break.

OR

e The nucleophile is unlikely to attack the carbon-carbon double bond as it
is electron rich.
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11

(f) l-iodopropane can be converted to butylamine via a two-stage synthesis. Butylamine is
then used as an ingredient in the manufacture of pesticide.

/\/1 > > /\/\NH

2

(i)  Suggest reagents and conditions for the two stages. Draw the structure of the

intermediate compound. [3]
(X X J
alcoholic KCN anhydrous LiAIH,4
/\/I —_— /\/CN > /\/\NH
reflux dry ether, room temp. 2

(i) Suggest a chemical test to distinguish between 1-iodopropane and
1-chloropropane. [2]

e Procedure:
Step: (1) Boil RX with NaOH(aq).
(2) Acidify with dilute HNO:s.
(3) Add AgNOs(aq).
OR
Boil with silver(l) ethanoate in alcohol.

e White precipitate (AgCl) observed for 1-chloropropane.
Yellow precipitate (Agl) observed for 1-iodopropane.

[Total: 20]
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12

4 Co-Cr alloys are most commonly used to make artificial joints including knee and hip joints due
to high wear-resistance and biocompatibility. However in 2010, faulty Co-Cr alloy hip joints
manufactured by DePuy was removed from market due to leakage of toxic chromium and cobalt
into the body muscles and blood stream.

(a) State the electronic configurations of
() an atom of chromium, [1]

1s22522p%3s23p83d°4s?

(i) the Co®*ion. [1]
1s22s22p%3s23p°3d°
(b) Why are transition metal complexes coloured? [3]

e Transition metal complexes are often coloured due to the presence of partially
filled d-orbitals in the metal ion.

e In complexes, the presence of ligands causes a splitting of the energy of d
orbitals into 2 groups with an energy gap, AE, between them.

e When a d-electron from lower energy group is promoted to the higher energy
group (d-d transition), radiation in the visible region of the electromagnetic
spectrum corresponding to AE is absorbed.

Light energy that is not absorbed will be seen as the colour of the complex.
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13

(c) The colour of the complexes can be measured by a spectrometer. The amount of light
absorbed is expressed as an absorbance value. The higher the absorbance, the more of

a particu

lar wavelength of light is being absorbed.

The spectrum below shows the major absorption peaks for [CrLg]**(aqg) and [CrJe]**(aq).

Relative
absorba

nce
A
[Crel**(aq)
a ‘,\
[CrLe]**(aq) ! X
‘\
‘\
‘\
‘\
‘\
‘\
‘\
‘\
‘\
‘\
‘\
‘\
‘\
‘\
‘\
‘\
| |
I
300 400 500 600 700 800
Higher energy Lower energy

Wavelength/nm

The wavelengths associated with each colour of light are given below.

colour Wavelength/nm
Violet 400-430
Blue 430-490
Green 490-570
Yellow 570-590
Orange 590-620
red 620-750

0] What are the colours of [CrLs]**(aq) and [CrJs]**(aq)? [2]
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e [CrL¢]*'(aq) : yellow/orange
e [CrJe¢]*'(aq) : green/blue

(i) What deduction can be made from the spectra about the size of the d-orbital
splitting in the two complexes? [2]

e The d-orbital splitting for [CrLe]**(aq) is larger than [CrJ¢]**(aq)

e because electrons in lower d-subshell absorbs energy in shorter
wavelength and higher energy to excite to higher d-subshell, AE is
larger.

@)

]
Cobalt forms many complexes with ligands such as H.O, NHz and HN—C—CO2"  The most
common oxidation states of cobalt are +2 and +3.

Cations containing cobalt in these two oxidation states have significantly different colours even
when the ligands are the same.

(d) When H:0: is mixed with pink Co?*(aq) solution, no significant colour change is observed.

When Co?*(aq) is mixed with excess NHs(aq) a slight colour change occurs and cation Q
is formed.

When cation Q is mixed with H,O-, a reddish brown solution is observed.

E® data for the cobalt complex ions and hydrogen peroxide are given below.

[CoLe]* + e === [CoLg¢]* E®=+1.82VforL=H;0 andE®=+0.11V for L = NHs
H.O; + 260 == 20H" E®=+0.87V

Suggest an explanation for the above observations, giving equations where appropriate
and identify the cation Q. [5]

E® cozvcoz+ =+1.82 V

E® h20201- =+0.87 V

o E® hao2mz0 i less positive than E® cosvcoz+, H202 is unable to oxidise Co(ag)?* to
Co(ag)* and thereis no ligand exchange reaction taking place. Hence, no colour
change.

e When excess NHs is added, a ligand exchange reaction occurs. NHs replaces
H.O, ligands, resulting in a slight colour change.
[CO(H20)6]2+ + 6NH; =— [CO(NH3)6]2+ + 6H.0
[explanation & equation: 1m]

e Cation Q is [Co(NHzs)e]?".

E® (conn3)s®/ [conmaye?t =+0.11 V
E® h202/0n- =+0.87 V
E®cen = +0.87-(+0.11) = +0.76 V> 0

When H,0; is added to Q,

e H,O, oxidises Co?" in [Co(NHa3)e]?" to Co3®" in [Co(NHa)e]**, resulting in a reddish
brown solution observed.

e H202 + 2[Co(NH3)s]** —» 20H" + 2[Co(NHz)e] **
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Explain why the neutral complex formed between a Co?' ion and two

]
HN—C—CO2" jons is soluble in cyclohexane. [1]

Itis asimple covalent molecule. The weak van der Waals’ forces of attraction
formed between Co-complex and cyclohexane molecules liberate sufficient
energy to overcome van der Waals’ forces of attraction between Co-complex
molecules and those between cyclohexane molecules.

For your information:

The direct oxidation of methanoic acid in a fuel cell, DFAFC, shown below represents potentially
the most efficient method of obtaining useful energy from a renewable fuel.

(f)

(9)

wire connecting a pair of

/ electrodes

E _

methanoic acid sy air

Carbon dioxide 4 |

PEM

The electrons pass around the external circuit to the cathode.
The protons produced migrate across the proton exchange membrane, PEM, to the
cathode, where they react with oxygen from air, producing water.

Write the equations for the anode and cathode reactions. Hence construct the equation

for the overall reaction. [2]
. { HCO2H — CO, + 2H" + 2e” [Anode]
Oz + 4H* + 4e- > 2H.0 [cathode]

° 2HCO2H + O, —» 2CO; + 2H,0 [overall reaction]

One method for the construction of DFAFC, involves electroplating a layer of platinum
onto the surface of the proton exchange membrane, PEM. The electrolyte for this process
is a solution containing Pt(NH3)4** and Cl-ions. The PEM is the cathode in this electrolytic
cell.

(1) Suggest the half-equation for the cathode reaction that deposits platinum on the
PEM. [1]

o Pt(NH3)s** + 2e-—> Pt + 4NHs
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(i) In one such preparation, a PEM with a surface area of 25 cm?was immersed in
an electrolyte bath and a current of 0.0875 A was passed for 95 minutes.

Calculate the mass of platinum deposited onto the surface of PEM. [2]

e Q=1t=0.0875x95x60=498.75C

No of mol of electrons = 498.75/96500 = 5.17 x 10 mol
No of mol of Pt deposited =5.17 x 10%/2 = 2.58 x 103 mol
e mass of Pt deposited = 2.58 x 1023 x 195 = 0.504 ¢

[working : 1m & answer:1m]
[Total: 20]

5 (&) Myoglobin and haemoglobin are globular proteins that serve to bind and deliver oxygen.
The former serves as an intracellular storage site for oxygen in the muscle tissues, while
the latter transports oxygen in the bloodstream.

Each myoglobin molecule contains one haem group.

In deoxygenated myoglobin, a water ligand is weakly bound to the Fe?* of the haem group

as shown:
haem group
Myoglobin Haem group in
deoxygenated myoglobin
(i)  Briefly describe how myoglobin maintains its three-dimensional shape. [2]

e [t is maintained by the interactions between the R-groups of the amino acids,
such as ehydrogen bonds between polar groups (—OH, —NH), ionic bonds
between oppositely charged groups (-CO2 & —'NHz), van der Waals’ forces of
attraction between non-polar_side chains (e.g: alkyl group) and disulfide
linkages between —SH groups.

(i) In the presence of the haem group, the polypeptide chain coalesces into a
myoglobin molecule.
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With the aid of the equation,
AG = AH -TAS

and by considering the chemical interactions involved, explain why this is a
spontaneous process at low temperatures. [2]

eThe bending and folding of the primary structure into a tertiary structure is
exothermic (negative AH) due to the formation of various interactions between
the R-groups of the constituent amino acids.

eThe process is accompanied by a decrease in entropy (negative AS) as the
formation of a more ordered myoglobin molecule decreases the degree of
disorder because there are now fewer ways in which the molecule and energy
can be distributed.

Hence AG is negative at low temperatures.

(ili) Deoxygenated myoglobin is responsible for the dull purplish red muscle colour,
observed in the depth of the muscle. When meat is freshly cut, colour change occurs
in two stages:

Stage 1: Bright red colour when muscle surface is exposed to air.

Stage 2: With time, the bright red colour slowly changes to an unattractive, dull
brown colour associated with stale and spoiled meat.

With reference to the structure of the haem group and the reaction that occurs in
each stage, explain the colour changes involved. [2]
The colour of meat depends on the ligand attached to the 6" coordinate site
in the haem group, and the oxidation stage of the iron centre.

eWhen the meat is exposed to oxygen from the air, ligand exchange
(oxygenation) occurs to form oxymyoglobin. O, replaces H,O ligand and is
dative bonded to the haem group, which gives the bright red colour observed.

eWhen meat has been stored for too long, the Fe?* in the haem group
undergoes oxidation to form Fe®*", which gives rise to the dull brown colour.
(b) One of the isolated compounds that is primarily responsible for the umami (savory) flavor

is glutamate, which is a salt formed from glutamic acid that is commonly found in meat.

0] o)

HO O
NH,

glutamate

It is thought that glutamate stimulate a specific receptor site located in the taste buds on
the tongue, which is essentially a protein molecule. A simplified diagram of the receptor
site is shown below:
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— OH N
HsN —

H2N

(i) State two different types of interactions that can be formed between glutamate and
the receptor protein. lllustrate your answer with labelled diagram(s). [2]

eeAny two illustrated

Ho+

0- o+ 0©O-

A O%---- H—O——

—N—H----:N— o+ //
| H —C
H \ OH
hydrogen bond hydrogen bond
—COZ'---——\—-H;:,N+

ionic bond

(i)  To enhance the flavor of food, many retailers in the food industry use monosodium
glutamate (MSG) as a food additive, which can be easily synthesized in the
laboratory.

Given that laboratory synthesis gives a racemic mixture, explain why 50% of the
glutamate synthesized in the laboratory is unable to bind precisely with the correct
orientation to the receptor protein. [1]

e Only one mirror image form of glutamate synthesized provides the desired
biological effect as it has the correct orientation to bind to the protein
receptors. The other form is inactive.
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The structure of glutamic acid is shown below:

o O

HOWOH

NH,

glutamic acid

10 cm? of the fully protonated glutamic acid is titrated with 20 cm? of 1.00 mol dm=3 sodium
hydroxide solution. Its titration curve is shown below:

pH

2.19)

Vol of NaOH / cm?

(iii) Show that the concentration of glutamic acid is 1.0 mol dm= at A. [1]

n(NaOH) used to reach 1%t endpoint = 0.010 mol
n(glutamic acid) = 0.010 mol
e [glutamic acid] = 0.010/0.0100= 1.0 mol dm™

(iv) Hence, calculate the pH of the solution at A. [1]

[H] = /K4 X ¢ =V107219 x 1.0 =0.0804 mol dm=®
epH at A = —-logio (0.0804) =1.10

(v) Identify the specie(s) present at B.

With the help of an equation, explain how the solution at B can resist a change in pH

when a small amount of base is added. [2]
i 0
PN PN
HO™ "% AN0 o=V~ op
H 4 H NH,3
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e\When a small amount of alkali is added,

0 0 ) 0
PN PN
- f— o - . @
HO™ ™" ""0H +OH — HO™ ~"""0"  + H0
H NH, H NH,

Negligible change in pH as OH~ions are removed.

(vi) In a separate experiment, the solution at B was reacted with 10.0 cm?® of
0.05 mol dm= sodium hydroxide.
Calculate the pH of the mixture after the reaction.

You may find it useful to represent the fully protonated glutamic acid as HA. [2]

HA + OH -» A + H)O
At point B, nia = na. = 0.010 /2 =0.005 mol
Number of moles NaOH added = 0.05 x 10/1000 =5.00 x 10 mol
Number of moles HA at equilibrium = 0.005 —5.00 x 10“* mol = 0.0045 mol
Number of moles A~ at equilibrium = 0.005 + 5.00 x 10“ mol = 0.0055 mol
opH = pKa + Ig [salt]/[acid]
=2.19 + 1g {(0.0055/0.025) / (0.0045/0.025)} = 2.28
(c) Compound P, CgHi1:NO>, rotates plane polarised light and reacts with the following
reagents:

e agueous bromine to give compound Q, CoHgNO2Br>
¢ sodium carbonate to give a salt
¢ PCls to give a 5-membered cyclic compound R

Deduce the structural formulae of compounds P, Q and R. [5]
eoP rotates plane polarised light > P contains a chiral carbon; has no plane of
symmetry and a non-superimposable mirror image.
oP reacts with aq Br, to give compound Q, CoHsNO2Br;

- P is phenylamine or phenol

- one of the 2, 4, 6 positions relative to first substituent on benzene is occupied
with another substituent

eP reacts with sodium carbonate to give a salt > P contains a —COOH group.

(Hence, P can’t be phenol as molecular formula only contains 2 O atoms)

e —OH in —COOH reacts with PCls to give —COCI . Formation of 5-membered ring
- —NHz group in P attacks the electron deficient carbonyl C in the —=COCI group.

- —NHz group & the other substituent on benzene ring are ortho to each other.
[4 marking points, max 2 marks]

2016 TJC H2 Chemistry Preliminary Exam [Turn Over



21

P R:
0
| (‘3‘ | _cH
(‘3/ \OH C/ 3
NH:2 CH, HN““‘%C/
Y%
@ Br
0
]
Br (‘3/ \\OH
NH2 CH,

[1m for each structure]

[Total: 20]
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