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Paper 2 Organic and Physical Chemistry

Thursday 21 May 2020 Morning Time allowed: 1 hour 30 minutes

Materials

For this paper you must have:

» the Periodic Table/Data Sheet, provided as an insert (enclosad)
« & ruler with millimetre measurements

a soientific calculator, which you are expected to use where appropriate.

Instructions
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Use biack ink or black ball-point pan,

Fill in the: boxes at the top of this page.

Answer all questions.

You must answar the questions In the spaces provided. Do not write oulside
tha bax around each page or on blank pages.

If you need extra space for your answer(s), usa the lined pages at the end of
this book. Wrile the question number against your answer(s).

» All working musl be shown,

Do all rough work in this book. Cross through any work you do nol
want to be marked.

Information

The marks for guestions are shown in brackets.
The maximum mark for this paper Is 80.

Advice
You are advised to spend about 85 minutes on Section A and 25 minutes on Section B,
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Section A haw

| Answer all questions in this section,
|__ll | 1 | This question is about 1-chloropropane.

E] Define the term standard enthalpy of formation, ,
[2 marks]

T *E:ﬁtj&\n'kpb_{ Ilac.uw,hf'_ e n one
poole ek w [:J:-xl':wtjrﬂkwf.é 19 J;.,c medd ffows
ks Cemlidneatelemants Tn B o Seundeld

| c:}i’ ml'i'E A

(0] 1].[2] The equation for a reaction used to manufacture 1-chlorapropane is
ICHICHCHIOH() + PCLl) —» ACH:CHLCHCL) + HyPOxls)

The enthalpy change for this reaction, &M, is —114 kJ mal™

Table 1 contains some slandard enthalpy of formation data.

Table 1

Substance PCla(l) CHaCHCH:CL) HsPOals)

AtH* | kd mol! -338 ~130 -a72

Calculate a value for the standard enthalpy of formation of propan-1-ol using the
enthalpy change for the reaction and data from Table 1,
(3 marks]

AW = AsHpndods — O Heenokunly

— ik = [:\,(H_my.arm%t)}‘ [ e + Fx3adN
Rl = — 5™ Pt = SETR }LJ mel”

Standard enthalpy of formation — 20T kJ mol™!
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'El 1-chloropropane can also be produced by the reaction between propane and chioring
in the presence of uliraviolet ight.

Stale why ultraviolet light is needed for this reaction (o occur.

Give an equation for each propagation step in the formation of 1-chloropropane from
proparne.
[3 marks]

Why ultraviolet light is nesded hl\* Qmﬁ{l&ﬁh We ener
egmrel bs brea the Cowlank (A-CL
bond 1 €Ly

Propagation step 1

Propagation slep £

o CH CHp et O, — A O Oy Gy =)

EI“T_i The C—Cl bond in 1-chloropropane is polar because carbon and chiaring have
differant electronegativities.

Define the tarm electronegativity,
[1 mark]

Tle c:xbi,hf}ﬂ o) on  akew to dibus
bhe  benmdang ~gair &) ade eledong b o
T T self.

Quaestion 1 continues on the next page
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EE]E' Ammania reacts with 1-chloropropane (o form propylamine. '
Mame and cutline the mechanism for this reaction,
[5 marks]
Name of mechanism _ [\ L‘LEFI:;L‘; p.lﬁ:hll..if_ _,52\13 T o jl:n,,.xliﬁ.rq,m
Oulline of mechanism
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Turn aver for the next question

N THIS PAGE
PACES PROVIDED

DO NOT WRIT

Turn over

1‘4:'”'." [ ERNITE RS Ll



[ol2}[1]

A studen! investigates the effect of temperature on the rale of reaction between

sadium thiosulfate solution and dilute hydrochloric acid,
Na:S:0u(aq) + 2HCl{ag) — 2NaCl{ag) + S0s(g) + S(s) + Hz0l)

The student mixes the solutlons together in a flask and places the flask on a piece of

paper marked with a cross.

The student records the time for the cross to disappear. The cross disappears

because lhe mixiure becomes cloudy.

Tahle 2 shows the student’s resulls.

Table 2
Temperature / "C 22 31 42 49 B 54
E:":;;‘E:T_,':m“ U 48 26 a4 12
} 14 0.0115 | 0.0208 | 0.0278 | 0.0385 | 0.0227 | O -8

The student uses a stopwalch to measure the time. The stopwatch shows sach time

o the nearest 0.01 5

Suggest why the student records the timaes to the nearast second and nol 1o the

nearest 0.01 s

[1 mark] |
_DCJI{ T bﬂm JE'Lr_ rmiﬁ,e_ nﬂ‘.«
S Pﬁﬁ{,"rmt Capcbipn e i)
Co\ e giepec L::, J”Lﬂe A
The rate of reaction is proportional t-:-;-'
Complete Table 2.
[1 mark] |

IEAL T TACH 2
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[0]2][3] Piot the values of 11 against temparature on Figure 1. bas

Draw a lina of best fit.
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Question 2 continues on the next page
- _ Turn over »
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[072].[4] use yourline of best fit to estimate the time for the cross to disappear at 40 *C

Show your working. [1 mark]
ELQLQﬂYs:ﬂ*BEB
E
§ =
= O-0%y
I o YK 5

= AR e

@EE Suggest, by considering the producis of this reaction, why small amounts of reactants
are used In this experimant.
[1 mark]

5, o dosi man So 1 wasdd
NBe  be ._Li,},f_ ‘e ;ﬁi{m e\ c‘b-l!—Elr

| [0]2Z][8] The student could do the experiment at lower temperalures using an ice bath.

| Suggest why the student chose not to carry out experiments at temperatures in the
range 1-10 "C
| (1 mark]
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Turn over for the next question
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A student investigates two experimental methods of making methylpropanal.
The equations for these fwo methods are shown,

Method 1 o
H
oH — * + L0
0 0
M, = 116.0 M, = 72.0
Method 2
)\/GH O, —— i
¢ 2H0
0
M, =740 M, =T72.0

In each method, the student uses 1.00 g of organic starling matenal.

The yield of methylpropanal obtained using each methed and other data are inclueded
in Table 3.

Table 3
Method 1 Method 2
Yield of methylpropanal { mg 552 778
Percentage yield 97 80.0%
Percantage alom economy B62.1% [5?!}\1!

Calculate the percentage vield for Method 1.
Calculate the percentage atom economy for Method 2.

Slate the importance of perceniage yield and percentage atom aconamy whean

choosing the method used to make a compound.
[6 marks]

TR T 01
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[0]4] This question is about pentan-2-of and pent-1-ene. b
[0]4][1] The boiling point of pentan-2-al is 118 °C

The boiling point of pent-1-ane is 30 °C

Explain why pentan-2-ol has a higher boiling point than pent-1-ene.

[3 marks]
Eerxan-2-83 has  Sheennec cnvecndenlc
fescee e N Yre k}tia’uﬁnﬁe,n bandy

bebuveen e alechel WLFM&IR Ll o
Peak—l-€re Lon Ny mmw_mT

L:-nbj_ e Ldabel Umﬁ O L
L l%‘.l:aﬂ-*eé
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|__i-| Pent-1-ene is formed by the elimmation of water from panian-2-al, o]

State the reagent and condition for this reaction.

Cutling the mechanism for this reaction.
[5 marks]

Reagent £ onle nktaked g.k_u—-..\fﬁ:_ Aczd
Condition M&k yd be__lmhgeﬂ 1o =Tl C

Outline of mechanism

ng"_ﬂ"{lu C\ﬁf" ¢
- OH

W)
!

[ A Cut, — ey

0L,

Vo

\J
A

\_\L{H - [H?_F r_if'gz;:ur_\-{1

Turn over for the next guestion
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Explain the differences between structural isomerism and slereoisomerisem.
Use examples lo show how compounds with the molecular formula CalHa enchibit

stereoisomernism and the three types of structural isomernism. [ ]
6 marks]

‘S{TmLh»&LL Twowvhels  G-(e  \sowhels r_*~l~
O, WFML}& ik We Soae mplecnlef B
feomnla buk diffeenk  StandiSes. iy
Can be Woskaked ”“*‘“‘;"?j} Rotepe .
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This question is about poly{chloroethene), commaonly known as PVC.

|I| Give an equation, showing structural formulas, for the conversion of chioroathane inta

poly(chloroathana).
[3 marks]
AT H A
! % | lr
(4 U Lol S5 TR —i
NN T
SIS K E’\ k
[0]6][2] State what you would observe if bromine water was added ta poly(chloroethene).
Explain this observation.
[2 marks) :
Observation MO feachkn u_"'_mﬁlph

Explanalion 7 LAL P of & Suk.saked. Tk
_]"\u‘:. ho G!LOL-'L i'x*“d—s ilc;(' E};ﬁ @E‘.:-m[he

‘o Peack widk

[0]6].[3] Piasticisers ara often added during the manufacture of PVC. The structure of the
~ plasticiser DEHP is shown.

Deduce the molecular formula of DEHP and state why a plasliciser |s added to PVC.

[2 marks]
Molecular formula Cog Mg Dﬂ&
Why a plasticiser s added k& maahe e Pcijwer
pretl I%."sz'ubiﬂ

o ot o
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[0]7] This question is about athanediocic acid (HzC,04) which is a dicarboxylic acid, e

[0]7 L[ 1] Draw the skelstal formula of ethanedioic acid.
o [1 mark]

(3
) oW

Mo

[0[7][2] Ethanedioic acid is formed by the oxidation of ethane-1,2-diol (HOCH,CH;OH).

State suitable reagent(s) and a condition for this reactan.
[2 marks]

Condition (€ Puq{

Question 7 continues on the next page

Turn over &
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[0]7][3] Ethanedioic acid reacts with an excess of sodium hydroxide to form
sodium ethanedioate.

H:C:04(aq) + 2NaOH (aq) —» Na.C:04(ag) + 2H0(1)
A studant mixes 10.0 cm? of 0. mal dm— ethanedioic acid with
60.0 em? of 0.200 mal dm~ sadium hydroxide.

Show that the sodium hydroxide is in excess.
Calculate the mass, in mg, of sodium ethanedioate that can be formed in this reaction.

[5 marks]
10
ﬂ.HECEE}_r: O LoDy X T’E;EE: (. D0 preles

ANaOt = 0.1 x ﬂ = 0.D]O mdes

RO

Pl @achion

= rZ_ﬁH?_f_ﬂg_{_: e e =T mﬂ&&
exlett = .00 — b.cof = O oc2 mileg

A Ny G oy Yeomedh = 6004 mies

Wb = I O xpooy - O 5 36 ¢

536 "

Mass of sodium ethanedioate

|wmﬂ|' (T TR e e




19

{7 nnl wale
ol e
frw

[0]8] Hydrogen gas can be made by reacting ethanal with steam in the presence of a
catalyst.

CaHsOHig) + H0Olg) = 2C0(g) + 4 H:lg)

[0]8][1] Give an expression for K. for this equilibrium, \Uf

(¢ Gl'?_ (! E_SL{ M

te E-z et (1, 0)

Units of K. mdt A =

El?_”i—l Table 4 shows the amount of each substance in an equilibrium mixture
in & container of volume 750 cm?

Table 4

Substance CzHsOH(g) | H:O(g) | CO{g} | Halg)

Amount of substance | mol 0.0750 0.156 | 0,110 | 0220
£ + a5

Caboulate K;
[3 marks]

e

Question 8 continues on the next page
Turn over &
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| Dar i vl
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El The pressure of the equilibrium mixture was increased by reducing the volume of the —
container at constant temperatura.

Predict the effect of increasing the pressure on the equilibrium yield of hydrogen.
Explain your snswer,

Predict the effect of increasing the pressure on the value of K.
[4 marks]

Effect on equilibrium yield of hydrogen 1:;? E,{ Lll ‘L.xbul:‘h é{e,cﬁiu Q2

Explanation €4 g\ BriamA _‘QA&}B Lalrir b
D'.'}IF}C}EE'_ e TpCleese o fIE‘:hﬂtﬁ‘l trx,
ME eSe Lw vﬁtir.?_auh.& Eﬂr S-S
o e lob bord Glo & Be %ﬁu«

Effect on value of K. e EL'HE&}'
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Section B

Answer all guestions in this section.

Cnly one answer per question is allowed, ‘-.I
For each answer completely fill in the circle alongside the appropriale answer,

EORARECT METHOO |1] WROMG METHODS |l3} I mn 'ﬂnd[ﬂ- |

If you want to change your answer you must cross out your original answer as shown, E

If you wizh to return to an answer previously crossed out, ring the answer you now wish to select

| asahmm.@

You may do your working in the blank space around each question bul this will not be marked.

I l\n\nnm use additional sheats for this working. ///
Which statement Is correct about thermal cracking?
[1 mark]

A A pressure between 100 and 200 kPa s used.

B Aromatic hydrocarbons are the major products.

C C-=C bonds are broken.

o] [o] [o] [s]

D Zeclite catalysts are used,

Which statement is not correc! about ozone?

[1 mark] |

' A It absorbs harmiul ultraviolet radiation in the upper atmosphere.

B It decomposes to form oxygen,

€ lis decomposition is catalysed by chlorine malecules. [=]

D Czone holes are regions of the upper almosphers where there

iz a reduced concentralion of czone.

Turn over &
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What is the IUPAC name for this compound ¥

CHs
CHy— CHy— CH—C — CHg
Ul

[1 mark]
A 2-dimethyl-3-fluoropentane
B 2 2-dimethyl-3-flucropentane [=]
€ 3-fluoro-2,2-dimethylpentana =]
D 3-fluoro-2-dimethylpentane [=]
What is the IUPAC name of the major product of the reaction between
2-gthylbut-1-ene and hydrogen bromide? i
A 1-bromo-2-ethylbutane [<=]
B 2-bromo-Z-ethylbutans [=]
C 2-bromo-2-methylpentane
D 3-bromo-3-methylpentane L-:]
Which can be used lo distinguish between these twa compounds?

(CHaBCHCH:CHO  and  (CHslCCHO

[1 mark]
A Acidified potassium dichromate(V) [=]
B Fingerprint region of infrared spectrum [ =]
C A value in high resolution mass spectromelry El
D Tollens' reagent E‘

T T e [ [
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Co mor ks
ocariacky e
An excess of methane reacts with chlorine In the presence of ullravioket radiation. i
What are the main products of this reaction?
[1 mark]
A CCL and H: EE
B CCli and HCI
¢ CHiCl and H: El
D CH:Cl and HCH =
In which reaction does the inorganic reagent acl initially as an electrophiia?
[1 mark]

A bromoethana with ethanolic potassium hydroxide
B chioroethana with agueous sodium hydroxide =

C ethane with chlorine

o] [o] [o] [¢]

D ethane with concentrated sulfuric acd

What is the empirical formula of a hydrocarbon that contains 90% carban by mass?

[1 mark]
& CaHy Elu
B CiH [=]
G CaHa [:l""
D CaHy [:‘:’:l

|

Turn over w
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. | oot wei
| _ ousicle thw
E]E] Which compound has the lowesl relative molecwlar mass? o

[1 mark]
A ethanaic acid [=]
B 1-flucropropane El
C propanenitrile E|
D propylaming
! Which statement is correct about the production and use of ethanol as a biofuel?
[1 mark]

A Biofuel athanod is produced by the fermentation of glucose In the E[
presence of yeast and air.

B Biofuel ethanol is purified by fractional distillation, [=]

€ No carbon dioxide is released when biofuel ethanaol is burned. El

D Biofusl ethanol bums with a cleaner flame than ethanol made by I = |
hydration of ethene.

What s the minimum volume of 0.0500 mol dm~ agueous bromine needed to react
completely with 0.0200 g of buta-1,3-diene?

(M of buta-1.3-diene = 54.0)

[1 mark]
A 7.40 em® | “:I
B 14.8 cm? [ =]
C 29.6 cm’ [=]
D 67.5 cm®

i L
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Which statement about the molecules in a sample of a gas is corract?

A At a given temperature they all move at the same speed.

B At a given lemperature their average kinetic energy is constant.

¢ As lemperature increasas, there are more molecules with the

rnast probable anergy,
D As lemperature decreases, there are fewer molecules with the
maan energy.
[2]1] Some anthalpy change data are shown.
Cis) + 2Hz(g) — CHalg) AH = =75 kJ mol™!

Hzlg) — 2Hig) AH = +436 k) mot?
What is the enthalpy change, in kJ mol™', for the following reaction?

CHafg) — Cis} + 4H(g)

A 847
B —361
C +361

D +047

Turn over for the next question
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(1 mark]
[=]
]
[=]

[1 mark]

M [of [o] o]
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The temperature changed from 21.8 °C to 19.2 °C during a calerimelry experiment. .
The uncertainty of each reading of the thermometer is £0.1 *C

What is the percentage uncerainty in the temperature change?
[1 mark]

A D.5%
B 1.0%

C 3.8%

(o] [o] [o] o]

D 7.7%

An experiment is done o determine the enthalpy of combustion of a fuel using a
calorimeter containing water.

b =mass of fuel burned /g

w = mass of water heated / g

AT = temperature rise of water { K

M, = relative molecular mass of fuel

¢ = specific heat capacity of water / J K™ - i

Which expression gives the enthalpy of combustion {in J mol-'), assuming there is no
heat loss?
[1 mark]

cwhT M,
kb

0]

chATM.
W

o] [o]

c b wM,
===KT

chwAT . ﬂ
—=

]

END OF QUESTIONS
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