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INSTRUCTIONS

» Use black ink. You can use an HB pencil, but only for graphs and diagrams.

» Write your answer to each question in the space provided. If you need extra space use
the lined pages at the end of this booklet. The question numbers must be clearly shown.

* Answer all the questions.

*  Where appropriate, your answer should be supported with working. Marks might be
given for using a correct method, even if your answer is wrong.

INFORMATION

* The total mark for this paper is 70.

* The marks for each question are shown in brackets [ ].

* Quality of extended response will be assessed in questions marked with an asterisk (*).
* This document has 20 pages.

ADVICE
* Read each question carefully before you start your answer.
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Answer all the questions.
1  This question is about organic chemistry.
(@) This part is about two practical techniques used in organic preparations.

(i) Complete the missing labels on the diagram and name the technique.

H
water  ouvk ... ————{F< >

< >:3————1uggﬁylmia ............

Name of technique: W .............................................................................. [2]

(ii) Draw a labelled diagram to show apparatus set up for filtration under reduced pressure
(vacuum filtration).
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[2]
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(b) This part is about amines.

(i) The table shows the structures and boiling points of three amines, which are structural
isomers of C;HgN.

Amine CH,CH,CH,NH, (CH,4),CHNH, (CH,)sN
|
Skeletal formula NH,, ‘ | N
] NH2 / \
Boiling point/°C 48-49°C | 33-34°C ; 3-4°C

. - . N k
o\\po\edxgg\e:“% ........ N\&%m‘) ..................

oo
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(ii) Amine A is a liquid at room temperature and pressure.

When vaporised, 0.202g of the amine produces 72.0cm? of gas at 1.00 x 105Pa and
100°C. The '3C NMR spectrum of amine A has 3 peaks.

Determine the molecular formula of A and suggest a possible structure for amine A.

?\/ = 834
- - \
0 = eT \Y 12 ¥\0O ™m

T = 3713k
e =\ 0> Pa

-6
S
A x10 % x 1 2x\0 -2 32 x\0" o)

N= g.2v& x37713
c M N r33
©.2072 -
—_ -~ 3 Mk ¥ VM
1 .32 x\0" > N\
Molecular formula of A ........ C SH\?,N ...............................
3
\ one exouwmple of

Structure of A

[6]

(c) The amino acid Z-H,NCH=CHCOOH can react to form a cyclic compound with the molecular
formula C;H;NO and one other product.

o\M\’dQ
c=c¢c 1.0

H R
R [2]

lool ot LMok
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Transition metal ions can bond to ligands to form complex ions with different shapes.

Explain what is meant by the terms ligand, coordination number and ligand substitution, using
suitable examples of complex ions with different shapes, limited to monodentate ligands.

Your answer should include diagrams and equations where appropriate. E:j&% W A6l e
Nigond : DOrOdeS. o \one. el A0 o mekad..
20N SNSRI SONaIUN ... L COEBANAIE.....
> TO NN NI UCIC AV SR o'a "= VL S ~ Yo W

COVAWVARON. . NOUWN\Ra A 5 DONRNC. . Ox. . CoonEna iR

© OCR 2020 Turn over



PhysicsAndMathsTutor.com PMT

6

3 Propane, C3Hg, (boiling point —42°C) is used as ‘camping gas’. A student plans to determine the
enthalpy change of combustion of propane, A H (C;H;), by two methods.

(@) The student first carries out an experiment using the apparatus below.

Hbeaker

100 cm? water

thermometer _ M

clamp—]

——— propane burner

Results
Mass of propane burner before burning/g 99.218
Mass of propane burner after burning/g 98.976
Initial temperature/°C 21.60
Maximum temperature reached/°C 46.10

(i) Determine the enthalpy change of combustion of propane, in kJ mol™". 2
Wiz \ 003 =\00cm
Give your answer to 3 significant figures.

q = e ANV AT = Lq-e-l*’z\-G)
A=z 100x 4.18x24%.S5=1T
x

aa 2§ -qg.a16<=0-2%2 q of propar
©-2%2 _ o . 00SS~a ok rorn?

Msﬂ\:\ ax \ \
ok % & —\—oifldfs =—R\862 L%wd'
-00S i
(12 xD* 8 ©-09 DM * 3
= 44 exgyvenmi c
AH (C3Hg) = i 860 .. kdmol™" [3]
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(i) The student finds that the experimental enthalpy change A.H (C;Hg) is much less

© OCR 2020

exothermic than the accurate standard enthalpy change A_H (C;Hy) in databases.

One reason could be that the student’s experiment had not been carried out under
standard conditions.

Suggest two other reasons for this difference in enthalpy change.

2 .INCOMPRAL ... CoOMNoUBHAN. /. T OO Ll

(2) ioqm_b@\/‘ s Lookex
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The student determines the standard enthalpy change of combustion of propane using the
bond enthalpies in the table. An experiment is not needed.

sona | B ntle
C-H +413
c-C +347
C=0 +805
0=0 +498
O-H +464

The bond enthalpies can be used to determine the standard enthalpy change of reaction,
AH, for equation 3.1:

CyHg(g) + 50,(g) — 3CO,(g) + 4H,0(9) AH Equation 3.1
mro.s WMNLS SN
Enthalpy change of vaporisation, AvapH
The standard enthalpy change of vaporisation of water, A, H, is the enthalpy change for the

conversion of 1 mol of H,O(l) into 1 mol of H,0(g) under standard conditions:

H,O(l) — H,0(g) AqpH = +40.65kJmol™

PMT
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Determine the standard enthalpy change of combustion of propane (boiling point —42°C)
using the A H value for equation 3.1 and AvapH for water. [6]
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4 Astudent carries out an investigation to identify two metals, M and X, by two different methods.
(@) The student is provided with a sample of metal M.

The student analyses metal M using a ‘back-titration’ technique:

*  The metal is reacted with excess acid.

*  The resulting solution is titrated to determine the amount of acid remaining after the
reaction.

Stage 1
The student adds 100cm? of 2.10moldm™3HCI(aq) to 6.90g of M.
An excess of HCI(aq) has been used to ensure that all of metal M reacts.

A redox reaction occurs, forming a solution containing M in the +2 oxidation state.

Stage 2
The resulting solution from Stage 1 is made up to 250.0 cm3 with distilled water.

Stage 3
A 25.00cm?® sample of the diluted solution from Stage 2 is titrated with 0.320moldm™3
NaOH(aq).

The NaOH(aq) reacts with excess HCI(aq) that remains in Stage 1:
S WO vaN o
NaOH(aq) + HCl(aq) — NaCl(aq) + H,O(l)

The student repeats the titration to obtain concordant titres.

Titration results (The trial titre has been omitted.)
The burette readings have been recorded to the nearest 0.05cm3.

1 2 3
Final reading/cm? 27.80 37.55 32.20
Initial reading/cm3 0.50 10.00 5.00

Yitre /cm3 27.20 217.5S 21.20

T—\/l
CONCOVAOINIT

(i) In Stage 1, a redox reaction takes place between M and HCI(aq), forming hydrogen and
a solution containing M in the +2 oxidation state.

Write an overall equation, with state symbols, for this reaction. Write half-equations for

the oxidation and reduction processes, *~" vet @ 2. -\
. \

\ e (o] 2 *\ - o
Overall equation M(s)‘\'z\'\CL@:@QHN\CLZLQq)‘\- ..... \"\ 2 (3\

X -
( Oxidation half-equation S\‘\e{\ﬁ)__% ...... M ........... A S
{NCARAIL  Cxtv A YoN - >
Reduction half-equation Z t.2¢ k\Z- OK
Y - [3]
(éguws;\e{?«w HY + e~ — \/.2 Hz_
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(i) In Stage 1, suggest two observations that would confirm that all of metal M has reacted.

(iii) In Stage 3, write the ionic equation for the reaction taking place in the titration.

RY oy . oH T —— 2 MO [M]
NSVAON SoNoN YOO : acid + a3 — Salk 'y
(iv) Metal M can be identified following the steps below. AR

1. The amount, in mol, of excess HCI(aq) that remains after the reaction of M with
HCl(aq).

2.  The amount, in mol, of HCI(aq) that reacted with M.

3. The identity of metal M.

Analyse the results to identify metal M.

1.20

Z Are
/'\\ 27.25 X\O0~ > x ©0.320 ~
JxC -2 3~ ZSom
A - §.12 x\O Ch C N
Q.92 x\O 2 x\O =312 pnad N 250 em®
00X O™ 3 %20 (v CO)

0-’2\6—8'7’2*\0’25 G- \223 v HrC(C

eooked oo W

(_)_\?’2% — 0068\ 4L aad & WM o)
2

620 _\72.4:Ca
o.0614

Metal M= .ooo.... G o 6]
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(b) The student is provided with the carbonate of an unknown metal, X,CO,.

The student measures the mass loss when the X2CO3 is reacted with an excess of
hydrochloric acid. The equation is shown below.

X,CO,4(s) + 2HCl(aq) — 2XCl(aq) + CO,(g) + H,O(l)

The reaction is carried out using this method:

Step1 Add 100cm?3 HCI(aq) to a conical flask and weigh.
Step2  Add X,COj, to the conical flask and immediately reweigh.

Step 3  After 5 minutes, reweigh the conical flask and contents.

Results

Mass of conical flask + HCl(aq) 172.93¢g
Mass of conical flask + X,CO, + HCI(aq) before reaction 187.509g
Mass of conical flask + contents after 5 minutes 184.75¢g

(i) Calculate the amount, in mol, of CO, released in the reaction.

1€17.S0 — (& .71S = 2134 o CO,

2.15  _ 0.0825
T +( (6’(2) Amount of CO,, = 0.0625 mol [1]

(ii) Calculate the molar mass of X,CO, and identify metal X.

© 082S ma Sk X,C0,
1§7- 50 -112.9% = 14.57q of X, O,

\G .57 .\
= 23.12 e ¢
o -062S G R
X = Ry
133.\2 - (\7. + ((GX%)) _ 86'86 =<\
2

Molar mass of X,CO, = 233\2. gmol™’ Metal X = R\Q ....... [3]
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(c) After analysing the results, the student was told that their molar mass of X,CO, was incorrect.
The student evaluated the experiment for possible reasons for the incorrect result.

(i) The student wondered whether the reaction was complete when the mass was recorded
after 5 minutes (Step 3).

How could the student modify the experimental procedure to be confident that the
reaction was complete?

(i) The student finds out that carbon dioxide is slightly soluble in water.

State and explain how the solubility of CO, would affect the calculated molar mass of
X,CO..
2v~3

© OCR 2020 Turn over
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5 The equilibrium constant Kp and temperature T (in K) are linked by the mathematical relationship
shown in equation 5.1 (R = Gas constant in Jmol~'K™" and AH is enthalpy change in Jmol™).

INnK, = ——x— + — Equation 5.1

W s mMmxoac
a) The table shows the values of K at different temperatures for an equilibrium.
(a) b P q o ( prodeci®)

. - 1 -
Complete the table by adding the missing values of7_ and In Kp. e eT P (WB

Temperature, T/K 400 500 600 700 800
—  _ aetrdR
Kp )3.00 x 1098 5.86 x 104° 1.83 x 1037 1.46 x 1031 1.14 x 1026
1/ K-1 2.50 x 1073 -3 -3 -3 -
T : 2.00x\07°° | 1.67x\0 | L3107 ).25x10 " 356
Y. Y3
In K, 13 19S | 8. | 12 60O . |nwmbed
[2]

(b) State and explain how increasing the temperature affects the position of this equilibrium and

whether the forward reaction is exothermic or endothermic. dLNOMWYOXSC Wiglar ol lep
S Quntibnuwn

A3 XM ea@iac L anoeRORR) e L eou o poSNMON.......... [1]
MOVRY  in M q,ndToMvav\cc AWROKWN LMICN TN s e (S Yve

(c) Plota graph of In Kp against — using the axes provided on the opposite page. OIS
T RO.QONON .

Use your graph and equation 5.1 to determine AH, in kJmol™", for this equilibrium.

Give your answer to 3 significant figures.

- DM
DY _sri1e2.85 % by 28
bx DX _

-DH = 475085 1\ 43 jna”!
DM =-4715. 0685 iy

AH= &S kJmol™ [4]

(d) Explain how AS could be calculated from a graph of In Kp against —.
MR LQAndevcefe. E LT ARS ................................................................................
S s B S IDFRACREI
.............................................................................................................................................. [2]
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6 This question is about two different types of acid found in organic compounds, carboxylic acids
and sulfonic acids, as shown in Fig. 6.1.

0 O
R—C// R—S—OH
OH 0
Carboxylic acid Sulfonic acid
Fig. 6.1

(@) Complete Table 6.1 to predict bond angles a and b and name the shapes which makes these
bond angles in the functional groups of carboxylic acids and sulfonic acids.

Type of acid Acid Bond angle Name of shape
/O
Carboxylic acid R—C )a
(-}
. oy | Q| Trioenal. . e\ .
-2 \p’o
I
Sulfonic acid R—S—@;‘\
L| BN oS | Lvenzimeow
be 2 lpgx
Table 6.1

: [2]
lore  paish rRER) MO xvan  vonded ok
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(b) Ethanoic acid, CH,COOH, and methanesulfonic acid, CH,SO,0H, are both monobasic acids.
The pK, values are shown in the table.

wo = @4
Acid PK, ? ?
Ethanoic acid CH,COOH 4.76
Methanesulfonic acid CH,SO,0H -1.90

A student suggests that 1.0moldm™3 CH;SO,0H should have a lower pH value than
1.0moldm™ CH,COCH.

Write an equation, showing conjugate acid—base pairs, for the equilibrium of CH;SO,0H with
water and explain, with reasons, whether the student is correct.

Label the conjugate acid—base pairs: A1, B1 and A2, B2.

eSO, OH ot B QT S SO, Q7 A QL
............ 3 OSSN - 3 N -1 WO - X S
SR 0,0% s o SOaer..... 00ich [ AASSOCAMD.. xS
VAN IS CONED..... Ay SO, OX. o o NONRN. [4]

ewer /0¥ / g '\LA [Cr*)\
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(c) Carboxylic acids and sulfonic acids both form esters.

Sulfonic acid esters can be hydrolysed by aqueous alkali.
The equation shows the alkaline hydrolysis of a sulfonic acid ester.

CH,SO,0CH,; + OH™ — CH,SO,0™ + CH,;0H
In the 3 boxes below, add curly arrows to show the mechanism for this reaction.

In the first box, the hydroxide ion acts as a nucleophile.

0
H,C—S——O0CH, .
N

loo  a% ok Yo
LANR +G o uweR oXx
o DR ard oo
Loclewands  +6 dNOu

END OF QUESTION PAPER
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