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Answer all questions in the spaces pravidad, o

- This question is aboul rates of reaction.

Phosphinate ions (H:POy) react with hydroxide ions to produce hydrogen gas as
showm,

H:PQy + OH —HPOs* + H;

A studen! compleled an experiment to determine the initial rate of this reaction.

The student usad a solution containing phosphinate ions and measured the volume of
hydrogen gas collecled every 20 seconds at a conslant temperature.

Figure 1 shows a graph of the student’s results.

Figure 1

Volume
! emd

Time s

mm Use the graph In Figure 1 1o determine the initial rate of reaction for this experiment.
State its units. Show your working on the graph.

[3 marks]
Lo ..
| A = -/‘E-'[:i = 1'::: = 6.5 .
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| E| Another student reacted different initial concantrations of phosphinate jons with an ol

i

axcess of hydroxide ions. The student measured the time ({) taken lo collect

15 cm?® of hydrogen gas. Each experiment was carried out at the same temperature.
Table 1 shows the resulis.

Table 1
Initial [HzPO; ]/ mol dm™ i's
0.25 6
0.35 a2
0.50 16
1.00 4
State the relationship betwean the initial concentration of phosphinate and lime (1),

Deduce the order of the reaction with respact 1o phosphinate.

-7 [2 marks]
Relationship (-J"\..L PO 11 Q?c-- !'/&_ B
Order = .
CQuestion 1 continues on the next page
Turn ovar &
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[0]1].]3] Complete the diagram in Figure 2 to show how the hydragen gas could be collected
and measured in the axperiments in Questions 01.1 and 01.2.

[1 mark]

Figure 2

——a ) S Gk
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e AR A

The rate equation for a different reaction is
rate = k [L] (M)*
.| o1 ”II Deduce the overall effect on the rate of reaction when the concentrations of both

L and M are halved,
[1 mark]

Vi qu;ubﬁf}aﬂbh#@
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[0]1].[5] The rate of reaction is 0.0250 mal dm~ 5~ when the
concentration of L is 0.0155 mol dm™

M

Calculate the concentration of M if the rate constant is 21.3 mal™ dm® 5~
i e s

h-Lf-:) T ZaAxX0.osh

[3 marks]

= 4 -5:}xﬁﬁiﬁdbﬂ“;1

= mﬁﬂl

= 5. VFS pdthac™

Cancentration of M G- L3y

m[ﬂ Define the term overall order of reaction.

mol dm™

[1 mark]

Zlax &&M_b}._WL Yo Wi
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Cageh o the tuke -E}?i-mk.

Turn over for tha next question
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Prilocaine is used as an anaesthetic in dentistry,
Figure 3 shows the structure of prilocaine,
Figure 3
H

III-IH—{:—H H H H

- i ]
@—m—c -N—Iill——-ll:—{!]—H

I |
¢ H H H H H

| 0 | 2 IE| Liraw a circle around any chiral centre(s) in Figure 3.

[1 mark]

IEE[.@ Identify the functional group{s) in the prilocaine moleculs.
[1 mark]

Tick (') the box(es) corresponding (o the funclional group(s).

| ﬁmidef Amil}p’ Ester | Ketone

LV

' rﬂ Prilocaine is completely hydrolysed In the human body to give a mixiure of products.

Draw the structures of the two organic products formed n the '
complete hydrolysis of prilocaine In acidic condilions. |

W [3 marks] |
|

N \ by |
L —CN—CC—G-M
TR

"

H—©
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]'Fri |[i§ Figure 4 shows optical isomers F and G.

B

Figure 4

Hy

il €3

|
?

COOH HOOC

Isomer F

Isomer G

fsomer F is the aclive compound In the medicine Buprofen,

In the manufacture of lbuprofen both somers F and G are formed, An ergyme |5 then

used to bind to Isomer G and catalyse its hydrolysis.

After the products af hydrolysis of G are removed, a pure sample of isomer F s

collected.

Explain how a struclural feature of this enzyme enables il lo catalyse lhe hydrolysis of

isomer G but not the hydrolysia of isomer F.

[2 marks]

_—TL\-& LN unio M an  evtliuwe e

b ok makdles the  Steres chewastr,
o} S e &t TRowre(

| il il
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Turn over for the next guestion
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| This question is about the structural isomers shown, o
P Q R
e e ==
(on O e ¢
OH

|I] \deniily the isomer(s) that would react when warmed with

acidified potassium dichramate\V1).
State the expected observation when acidified potassium dichromate(Vl) reacts.
[2 marks]
Isamer(s) ‘:';L-:fp— I .L:If =%
Expected observation &“M&_E ,5&&1-&&5:_\"&-"- Jﬂsﬁ'-""-.i i
0. Ce -
| I__?_| Identify the lzomer(s) thal would react with Tollens’ reagent.
State the expected observation when Tollens’ reagent reacts.
[2 marks)
—
lsomear(s) \

Expected observation Slhuef wmaittol”

llﬂ:“wlll RSN ZITAOSS
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| ] 0 | 3 |E| Separate samples of sach Isomer are warmed with ethanoic acid and a few drops of ek
concentrated sulfuric acid. In each case the mixure is then poured Into a solution of

sodium hydrogencarbonate.

Identify the isomer(s) thal would react with ethanoic acid,

Suggest a simple way lo detect if the ethanoic acid reacts with each isomer,

Give a reason why the mixture is poured into sodium hydrogencarbonate solution,

[2 marks]
Isomer(s) P_.. Cﬂ; {2.' _(.

Suggestion

Sooe el M%U‘;‘E 'V'\"?Mﬁ

Resson | (o [eeuk codin M& ereels
oA

@EE State the lype of siructural isomerism shown by isomers P, Q, R and 8.

[1 mark]
Heh on
|0]3][5] Deseribe fully how infrared spectra can be used io distinguish betwaen
isomers R, Sand T.
Use data from Table A in the Data Booklet in your answar.

| [4 marks]

| @ ovd 3 welld glew peuhs ak
RS KEEG it Jor Bhe G- Bodl. |

T hes ac=0 pedr & |bED-1350 >

oaed S U ko W&;te&__;:‘lzggﬁ?.r;n‘?
mJ:m ety 1500 cun & Helh fan
C.cwwpurhk Jh.:" o dote Base

|_ﬂ| E_HE Slate why mass speclromefry using elecirospray ionisalion Is not a suitable mathod 1o

distinguish between the isomers.
| [1 mark]

ﬂL[LM%-SuMa_M( |
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1.
2,
3.

[o]4].[1] Describe the instruction that is missing from step 4 of the method.

An incomplete method o determine the yield of aspirin is shown.

. Fliter off the crude aspirin from the mixiure and leave it o dry,
10. Wiigh the crude aspirin and calculate the yield.

Justify why this step iz necessany.

Instruction (@ r..:ta:ﬂk' thee Luipr bodc
Justification __ Prllswds  Colculakyan zﬂr_w_ﬂg_

10

O i il
outsitu i
Aspirin can be produced by reacting salicylic acid with ethanoic anhydride. bax

Add about & g of salicylic acid 16 a weighing boat.

Placa the weighing boat on a 2 decimal place balance and record the mass.
Tip the salicylic acid inlo a 100 em? conical Rask,

—Re weipl. the ewply beul

Add 10 em? of athanoic anhydride to the ﬂ::lcal flask and swirl.

Add 5 drops of concentrated phosphaoric acid,

Warm the flask for 20 minutes.

Add ice-cold waler to the reaction mixture and place the flask in an kce bath,

[2 marks]

o Sabigylie acid  adled to feadion
A dekule

| El Suggest a suitable piece of apparatus to measure out the ethanoic anhydnds n
step 5.

[1 mark]

m ldentify a hazard of using concenirated phosphoric acid in step 6.

\O Lot M%ﬁ&!u{‘éﬂ %L:.tx_bl&f__ i

[1 mark]
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m.@ Complete the equation for the reaction of salicylic acid with ethanole anhydride o |
Produce &spHrin.
[1 mark) |
CDDH
(5[/ [CH f.u“}, O — ‘A/[ . CH} LooH
Salicylic acid Aspirin

e of salicylic acid (M: = 138.0] is reacled with

[0]4][5] A601gsamp
10.5 em® of ethanaic anhydride (M, = 102.0),
I the reachion tRE Yietd of aspinn 15 64, 1%
The density of ethanocic anhydride is 1.08 g em-
——— |

Show by calculation which reagent is in excess.

Calculate the mass, in g, of aspirin (M- = 180.0) produced.
- — [5 marks]

. b-O =5
ﬂ.sabpdh = T = G O™ ken
M@smi O=o.5xlcg =)L X oy

M= J—h—}—q—"—: o lixle™ malley (Moo
| o = hotagt

Muag  ax parin= 0. FH x 180X G . 3bxs™
. L‘E—q:} Reagent in excess _(LHal CeNo

Mass of aspirin _E7 : S_C‘

Turn over =

1m”' U RATTITL S Tp P T

o ok w
jlnon
o



 [o]4].[6]
|
I

12

norw
s i
Suggest two ways in which the melting paint of the crude aspirin collected in step 9 b
would differ from the melling point of pure aspirn.
[2 marks]
Difference 1/ La Velwme waswl i }:"‘- LM'-'-J(.-
Differance 2 Ll"n.n., :Ju:!. "Z.E-PE_th "-ﬂ:_-:n:.-:ka. Mtu' =
el o fange o vuluey _ .
o
The crude aspirin can be purifisd by recrystallisation using
hot ethanal (boiling point = 78 “C) as the solvent.
Describe twe Impartant precautions when heating the mixture of ethanal and crude
aspirin,
[2 marks] |
Pracaution 1_{:'_ Hl_o-nfﬂ . Hw‘-&-’- . L{m En.
oukec buth ot eledyic heaker do heuf
Precaution 2 Hu&,‘ D.“M -;J-t]ﬁw.u ':Ha:{_ L |
CHF.M{:L d.bﬂ-ﬁ. ik~ MJ, 0\:
The pure aspirin s filtered under reducad pressurs,
A small amount of cold ethanal is then poured through the Buchner funnel.
Explain the purpose of adding a small amount of cold ethanaol.
[1 mark]
_.TD e mwngy WL a\%_ wf&
e T s U A8 |
A sample of the crude A5Pirin is kept to compare with the purified aspirin,
Describe one differance in appearance you would expect to see between theze two
salid samples.
[1 mark]
. Y Pute  piodudk will  be
=m0 laﬁw b Clou( A
16
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Tum over for the next question
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This question Is about 2-bromopropane. e

[0]5].[1] Define the term electronegativity.

Explain the polarity of the C-Br band In 2-bromopropane.

[3 marks]
Eectonegaivly T Telabive fendenta Ob e |
o 4o abfd e e\ C A eledkrong
= o mend. 4o s _‘.r.u- S = (ot lank E::i:rxtl
Explanation IS¢ 7L mrAce eleckro nogedine

Hran (erbon  So ﬁ-rig‘mi
L™ OF o

|_T_J Outline the machanism for the reaction of 2-bromopropane with an

excess of ammonia
[4 marks]

5 -

7 /[\ /K T MWy Be

NG ey
dj\“‘s %l
u:j
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I?_EE Draw thit skeletal formula of the main organic species formod in the reaction botween buus
a large excess of 2-bromopropane and ammonia.

Give a use for the organic product.
[2 marks]

Skeletal formula

. o
S

N

'SL_AP.;.._P.::.E} o Len ddbrawa o

Turn aver for the next question
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Folystyrene can be made from benzene in the series of staps shown. | “hor
o tJ:tH H
=3 step 1 AN step2 step3 (7 N
(@ step 1 @ CHy @ CHy Step3 @T CH
J step 4
Pakystyrena
State the type of reaction in step 1.
Identify the reagent{s) and conditions needed for step 1.
[3 marks]
Type of reaction _-E‘_%lﬂﬁm =
Reagent(s)
Conditions ﬂs'L Qo |
[
State the name of the mechanism for the reaction in step 2.
Identify the inorganic reagent needed for step 2.
Mame the organic product of step 2.
[3 marks]
Narme of machanism w Lm@pl’il!- WL-.‘T!"\
Inorganic reagent
Name of arganic product E &h £ E:L ,ejpﬂ.:m 1— &
N TG
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| [o.]61.[3] The organic produst of step 2 is reacted with concentraled sulfuric acid in step3. | "o
| Cutline the machanism for stap 3. |
|. [3 marks] |
IR 2o H H |
b 3 Yo
?H ! e 0%
| . H—o 2
| | Sty — &N
D M, O H N
| Y
| 8
| ="
| (l_.—_q(:_,':H
| @/ ;S
| |
|_ll f 6 H_i-[ Uraw the repeating unit of polystyrene.
[1 mark]

N—=x

T

===y

H

| f';\
|

(>
e

Turn over for the next quastion

Turn over »
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This question is aboul NMR spectroscopy.

A compound s usually mixed with SHCHa ) and sither CCL: or COCIL befora recording
the compound's '"H NMR spacinim.

State why Si(CHs)s, CCls and CDCL, are used in 'H NMR spectroscopy,

Explain how their properties make them suitable for use in 'H NMR spectroscopy,
[6 marks]

Ly amd (DU efe  wsed oy Solpeals

_Lﬁnju*;JM‘? Mﬂ%{a—l _afe wSed
t=C Soluends oy n e Ve e have

Meucwds M_ﬁé_ﬁ_ V!\g"____{bwﬂ_ﬂag__

Molewles  bhar ™ are hetna Studied,
) C_Q.r_r._g._m__nu::pn_{.ﬁ & oand Lo
B S used b Ho m&lﬂgn_m}z_@ﬂ;
Pl Speces. CPUs T pdal and ay
oundh R oused loc —piles  Compoundy

_(\L;L!il_ j&\-) R ed o o Sel (lefente
J;S_CH-_Q‘# (Tmd & wsed ey ol
Aal owha 1 Gramad g el hydrogens efe
J . ] @,

AN aun Jdew cdﬁ_mrm_&im_ .

_..Sr?}m,{ a SN [P o ity Hew ddhe(
%pz;gi _{H_.E_ﬁ&i.k,,_m_mnty-:_} lendudton.
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[0]7].[2] Deduce the spliting pattern for each of the peaks given by the H atoms labelled b
¥, yand zin the '"H NMR spactrum of the compound shown.

X ¥ z
CH;CHCICOCH(CHa)p
[3 marks)

| {_Lgu..'bl Ek'
¥ (Querk E*l_

z (}».0-1\5::!;-?.4&('

[0]7].[3] suggest whyitis difficult to use Table B in the Data Booklet to predict the
chemical shift (5 value} for the peak given by the H atom labelled y.

[1 mark]

Zhe A aMom v bumded bo e c-ch
ﬂ.r«ump axn i mﬁ‘ktﬂu.&w}f les &.‘Lﬂ:ﬂ:‘_gﬁuﬂ.ﬂ_
‘{ )} dees  AbE 4-1.{" Wik fhe taka o

fuble .

El Two isomers of CHyCHCICOCH(CHa): each have two singlet peaks only in their

'H NMR spectra.
In both spectra the integration ratio for the two peaks s 2:9

Deduce the structures of these two isomeans.
[2 marks)

lsomer 1

LHy
A "ﬁ \ !

B {Ml

lsomar 2

2 0 I IO TA DA
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| m This question is aboul citric acid, a hydrated tricarboxylic acid. Its formula can be
representad as HaY.oH:O
i |__D | 8 HII A 1.50 g sample of HsY xHz0 contains 0.913 g of oxygen by mass.
The sample burns completely in air to form 1.89 g of COz and D643 g of H0
| Show that the empirical formula of eitric acid |s CaH: 0y
| [5 marks]
|. &4
d LD -‘*-—-——~=h.iﬁ‘5+3 EPWLN
a — E} L EH_E -5
AH= 6.o3e%T = 0. 0N masles
nll= ob.ax
| & o E:’ - 05 :1“
C A -
O -0l b.-ohww 0-o523
| O - o5 OO O-5Y T ' CE}HSDLT
L .66 . B
| El A 3,00 g sample of H,Y . xH:0 = 210.0) is healed to constant mass,
| @ anhydrous HyY that rerains has a mass of 2. 74 a
|
Show, using these data, that the value of x = 1
[2 marks]
8. s
HHL{:}: B = £ .14 Mﬂ.n._:,
=
M —
| HJ-\/’-.D{'HE T e = 0. ot MLLL_;.
I
Turn over »
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Figure § shows the structure of HyY

Flgure 5
OH

HDDC/\J/\EUDH

COOH

| EEHE Complete this IUPAC name for HyY

| o | 8 ||_T_I State the number of paaks you would expect in the *C NMR spectrum for HaY

W

-2. B }_['-"_\J CL{‘QHH__ propane-1, 2, 3-ricarboxylic acid

{_._}-

[1 mark] |

[1 mark]
S
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| [0]8] Aand B react together to form an equilibrium mixture. e
Alag) + 2B(ag) = G{ag) |
An aqueous solution tontaining 0.25 mol of A js added to an aqueous solutian
conlaining 0.25 mal of B, = |
When equilibrium is reached, the mixture contains 0.015 mol of C, |
| | 0 ﬂ 9 ]E[ Calculate the amount of A and the amount of B, in males, in the equilibrium mixture,
[2 marks) |
oAl = 0. —c.05 = 0.215 g |
Eg_m |
| 4l B’e?;/“: C-15 - (<0~ o 22 e
Amountof A & -2 5 g ||
Amoutof B - Tt o rmaol |
' @ At a diffarent lemperature, ancther equilibrium mixture contains 0,30 mol of A, |
0.25 mol of B and 0.020 mol of C in 350 em? of solution,
I
Calculate the value of the equilibrium constan| &, |
Deduee the units of K,
[4 marks] |
|
K 2 b
O .35 2 = 0. 13 L& < |
'-_'_._'_._._._-_-'
°3e [E‘-LE?-B |
—-"'_'-_.-:-- =
5.5 0-% |
K ' T I § o - _l
i *6
Units sl %’L""‘- ||
I
Tum over »
‘ummﬂ e [T T P T
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When an excass of water is added to chioroathanal, an equilibrium mixture is formed. |
| CICHzCHO(ag) + HaOl) = CICHCH{OH)x(ag) |

An 3mrassl;nn for an equilibrium constant (K] for the reaction under thesae |

conditions
| _ [CICH;CH(OH), | |
~ [CICH,CHOJ |

|' | 0 ] g Hi[ Suggest why an expression for & can be writlen without the concentration of water, ||
[1 mark]

™ Concentrikon = Lurdrcr {5 S

.........

| (0T91.[4] Distited water is added to 4.7+ g of chivroethanal (M, = 78.5) to make 50.0 srm? of |
| solution. The mixture is 3 d to reach equilibrium. —

' The value of the equilibrium constan (K} is 37.0 |
Calculate the equilibrium concentration, in mal dm=, of CICH:CH{OH):

| [5rnaﬂ-:=]|
| 4.3 |
| hf.lt‘-ofm&ﬁ\mul - '--—-L = 0.06 wmd eg |
| Tl 2. |
| Le = C |
= - — 2L

e T

| ©.06 —x |
24 e

| /
|| = AWFH (0. b6 —2x = 5¢
| e O XES |
|| (:ELLHT_LHEEJH}J = %U se= D oa8yyz |
| Concentration L. )3 i _ mol dim-? |
| |
mn )

Iu'.lm:-

sialgy
bt
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[019].[5] Figure 6 shows an incamplete nucleophilic addition mechanism for the reaction of
water with ehioroethanal.

Figure &
0 o H*
.:'_'ﬂ' | | L

CICH4 o ——+ CICHj —C—H: ——b CICHa C—H
N % |
\ ?ﬂ"a G‘M
" H H H
e
H l
H

CICH; — € — H

OH

Complate the mechantsm in Figure 6 by adding two curly arrows, all relevant charges |
and any lone pairs of electrons involved. |
[3 marks] |

Eﬂ When an excess of waler s added to ethanal a similar nucleophilic addition reaction
DGELUrS,

CHaCHO(ag) + H:0(l) = CHsCH{OH)x{aq)

Suggest why this reaction is slower than the reaction in Cluestion 09.5,
[3 marks)

EL&E._E\‘.’IAEAL {_.}-Jq,.. 3 .LE:-.E-S. E.J'.E Jr (e

fht‘- ﬂu._,l't'x.Qe! ,Eu__lﬂr:\.?__f;ﬁa._ hl- e FEobo~

END OF QUESTIONS
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