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Answer all the questions.

1 Give chemical explanations for the following statements.

(a) Bromine has a higher boiling point than chlorine.

(b) A carton of milk expands on freezing.

1N wWolke x
(c)

(d) The reaction of ethane with chlorine under UV radiation is a poor method for preparing a high yield

of chloroethane. %“Qe oaadicad SWoSNUxvOoN
LK. . SEIRSHTLORON L. SCCEAIR e,

(e) Water has a concentration of approximately 56 mol dm™.

()
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(g) IR spectroscopy distinguishes ketones from carboxylic acids.

(_Qa(\oexxi\\c ........ ARRAA...(nane....a e

QI dosxPIoN...a%..2900.23302.cm™L
WA LloNel Jdon 't .
(h) 1.323 g of N,O(g) has a volume of 1.00 dm? at 100 kPa and 400 K. \ M\3 = \X ‘O'SVV\’3
Y R 100Kt = 100X |G P
-3
(\"-'(OOY(OSK‘XLO ....... =. 2. 935Gl | 7
3 24 x400 et

OS2l % (Clex2)+18)=\.3239
(i) 4.25 g of C¢HsCOOCH; contains 1.88 x 10% molecules.

ACOEIT 'S ConSkaNk

(j) The rate of hydrolysis of 1-bromobutane is faster than that of 1-chlorobutane.

----------------------------------------------------------------------------------------------------------------
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2 This question looks at ions and complexes.

(a)* You are provided with two boiling tubes containing solutions of the same ionic compound. The
compound contains one cation and one anion from the lists below.
e cations: Fe’", Mn*", NH,"
e anions: CI, COs", SO

Solutions of common laboratory reagents are available.

Plan a series of tests that you could carry out on the samples to identify the ionic compound. Your
tests should produce at least one positive result for each ion.

For each test,
e include details of reagents, relevant observations and equations
e explain how your observations allow the ions to be identified.

You may include flowcharts or tables in your answer.

O deskS conduuckell N Segouaae
0SNGy Ao
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(b) The dissociation of water is measured by the ionic product of water, K. The value of K, varies with

temperature as shown in the graph below.

7.0
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Ky / x107" mol*> dm™®
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Calculate the pH of water at body temperature, 37 °C.

2.4x07 " s K

el = - \03(0 E'\’(*’_X

// li

___-————-// [
0 10 20 30 ‘ 40 50 60

temperature / °C

% SSX Q!
JT?.GCX\O- - EH“'—l: \-
= -1 -6-3\
?H S \GS‘Q 15510 PH= v, - A 3]
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(¢) A complex of cobalt has the following composition by mass:

Co, 21.98%; N, 31.35%; H, 6.72%; Cl, 39.75%

(i) Calculate the empirical formula of this complex.
21.4% ~ =1.3S . €.12 . 34.71s
co N Koo cl: .
8.9 | 3S-
.12 A
©-3727% 224 S L1e
G373 s312  2%” o 313
G empirical fa-nr\lula = C&SMGH(SC(.S 2]
= =
(ii) The formula of this cobalt complex can be expressed in form [Co(L),,]*"(CI),
. - n\n=73
Suggest the chemical formula of [Co(L),]"".
SO <=3
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3 This question looks at properties of iron compounds and iron ions in different oxidation states.
[ e
(a) Fe’" and Fe’" are the most common ions of iron. \st2s? ZPG 35t 3¢ 9{[ 23

(i) Write the electron configuration, in terms of sub-shells, for the Fe** ion.

(b) [Fe(H,0)s]*" ions take part in ligand substitution reactions.

[FeCcN), 15~

An excess of aqueous potassium cyanide, KCN(aq), is added to an aqueous solution containing
[Fe(H,0)s]>" ions. A ligand substitution reaction takes place forming a complex ion that has a molar
mass of 211.8 g mol™".

Write an equation for this ligand substitution reaction.

[Fela0), 13 cean. — [Fe CCNde Ur 61,0m

(¢) The complex ion, [Fe(H,0)s]*", behaves as a weak Bronsted—Lowry acid in aqueous solution. The
equation below represents the dissociation of aqueous [Fe(H,0)s]*" ions, together with the K, value.

[Fe(H,0)]*"(aq) = [Fe(H,0)sOH]*"(aq) + H'(aq) K,=6.00 x 10° mol dm™

(i) Write the expression for the acid dissociation constant, K,, for [Fe(H20)6]3+.

A
[[Fe («,0)c © 7"] :& C\’l*’}
ka =
[\:C C“'ZG ‘\ G—I 3+ 1l
(ii) Calculate the pH of a 0.100 mol dm™ solution of [Fe(H,0)s]*" to two decimal places.
T
Cr+
‘/—0\ = X - -3 - S
[re(no) U™ Crtl=\exw™so.-omus

H = -\oq,~0.0245 | = \-6]1
- ‘03‘0 E“+l: eK F 3‘0 pH=.ceeets lG.! ............... 2]
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(d) Fe,0;5 can be oxidised by ClO™ ions under alkaline conditions in a redox reaction.
Unbalanced half-equations for this reaction are shown below.

Balance the half-equations and construct an overall equation for the reaction.

...... F€203 + .LQ OH — .‘.;... F€O42_ + ..§. HzO + ...@. €

+ 2.0 3
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4 Methanoic acid and bromine react as in the equation below.
Bry(aq) + HCOOH(aq) — 2H'(aq) + 2Br(aq) + COx(g)

A student investigates the rate of this reaction by monitoring the concentration of bromine over time.
The student uses a large excess of HCOOH to ensure that the order with respect to HCOOH will be
effectively zero.

From the experimental results, the student plots the graph below.
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(a) Suggest how the concentration of the bromine could have been monitored.

................................. GO Ok CARNC
O O N e (]
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(b) Suggest a different experimental method that would allow the rate of this reaction to be followed
over time.

(d)* Using the graph, determine .
e the initial rate of reaction ﬂ M‘W\){ o+ W oXx

e the rate constant. & =-Os

Y our answer must show full working using the graph and the lines below as appropriate.

© OCR 2014

H432/03

Turn over



PhysicsAndMathsTutor.com PMT

12
5 This question is about organic acids.
(a) Lactic acid, shown below, has two functional groups.

O

OH

OH

Lactic acid reacts with bases and with many metals.

e An aqueous solution containing 1.125 g of lactic acid is reacted with an excess of magnesium
producing hydrogen gas.

e The excess magnesium is removed.
The water is evaporated, leaving a white solid, A.

(i) Name the type of reaction of lactic acid with bases and with metals.

reaction with bases: ﬂeom\\ SaxR\on

-------------------------------------------------------------------------------------

reaction with metals: Y\Wy‘ ......................................................
1]

(ii) Calculate the volume of Hy(g) produced, measured at room temperature and pressure.

1-\LS
((Zx)(lexD+C

©-0O\125
2

wolx KEM
x 24000 = {sOam®

\Jolumk - pwol

-

2400 130em®

volume of Hy = cevvviieiniaa e S0 s 12]

(iii) What is the empirical formula of the white solid A?

[C3H€OSI— ian or laokic oo

CanOQMg .............................................................. 1]
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(iv) Predict two reactions of lactic acid, each involving a different functional group.
Do not include reactions with bases or metals.

For each reaction,
e state the type of reaction, the reagents and conditions
e draw the structures of any organic products formed.

(oM &1 eSkexr i coon

Ce 0N, Mg -
7] eer \\‘mLKZ-C“O’e‘

oy a\condl f\

Ch; (cnan)(CO0(H;

2° Y\ o2idoRaN

K, Ca O, M O¢ e [4]

CH, (CO) CooH

f

2¢ alcondl —=> Wkeronk
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(b) In basic conditions, a-amino acids form anions with the general formula, RCH(NH,)COOQO™. These
anions can act as bidentate ligands.

Copper(Il) ions can form a square planar complex with anions of the amino acid glycine (R = H).
There are two stereoisomers of this complex, B and C.

(i) Draw the skeletal formula of the anion of glycine.

HzN/ 2 ©

© [1]

(ii) Draw diagrams of stereoisomers B and C.

In your structures, show the ligands as skeletal formulae.

/\/
H N
2| /,O ?

— — O
HzN C‘Uk H\N_ C\Uk"‘\\l’(z

o )
/)
O ® 2]

(iii) Anion ligands of the amino acid alanine (R = CH3;) would be expected to form more than two
square planar stereoisomers with copper(Il) ions.

Explain this statement.
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(¢) Methanoic acid is added to water. An acid-base equilibrium is set up containing two acid—base pairs.

Suggest a mechanism for the forward reaction in this equilibrium.

Y our mechanism should use displayed formulae and curly arrows, and show all species present at
equilibrium.

oNne€ O o ran

O N oae el
° oxXYow O

o ~ 4 [2]
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(d) Information about a monobasic organic acid D is shown below.

e D reacts by both electrophilic substitution and electrophilic addition.
e The molecular formula of D 1s C,H,0..
e The mass spectrum of D has a molecular ion peak at m/z = 148.

e The *C NMR spectrum of D contains seven peaks.

¢
Determine and draw a possible structure for D. C O G H

7
Explain your reasoning from the evidence provided. /\ 2
3

7 "¢ nve « O k@
Peaie s

CEACCROP MM C.... SLESHNPNEN . BONZNS. | ik .
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6 Hydroxylamine, NH,OH, is a strong reducing agent.
When heated in aqueous solution, NH,OH reduces Fe*” ions to Fe?” ions.
A student suggests the three possible equations for the reaction, shown below.

Equation1 NH,OH + Fe*' —— Fe*' + BN, + H +H,0

Equation2 NH,OH + 2F¢** ——  2Fe*" + N0 + 2H" + %H,0
oSSave | 0 3 — ooy vok©©
Equation3 NH,0OH + 3Fe*" ——> 3Fe*' + NO + 3H'

The student plans to carry out an investigation to determine which equation is correct.

The method is outlined below. @

Stage 1 Using a pipette, add 25.0 cm® of 4.32 x 10 mol dm ™ NH,OH to a conical flask.
Add 10 cm® of 1 mol dm™ H,SO, to the conical flask followed by an excess of a solution
containing 0.0400 mol dm™ Fe**(aq).

Stage 2 Boil the mixture for 5 minutes and allow to cool.

Stage 3 Titrate the cooled mixture with 2.00 x 10 mol dm™ KMnO4(aq).

(a) Determine the minimum volume of 0.0400 mol dm™ Fe’*(aq) that the student should plan to use in
Stage 1.

Explain your reasoning.

4.32x16"? y 25xI07° = (.0¥x10 % vol o NH,OH
LOBX\O™ 3 x 3 = 3.24 x 10" 3mah of Fe’'

2 .24 3

o. A4

volume = ........ 2 \O ............... cm’
explanation: .. YMUMUWNGIN Mok . ok EeSY. .
LN (S AR L QUNOMINS
Aneareh ool RN, ... 49, R0RX .. oudin. a8
N¥(, Ot "
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(b) In the student’s titration, 21.6 cm® of KMnO4(aq) is required to reach the end point.

The equation that takes place during the titration is shown below.
T Pres e &I ol ¥ 8h o 4&

MnO, (aq) + 8H(aq) + 5Fe*(aq) — Mn*"(aq) + SFe*"(aq) + 4H,0(l)
Analyse the student’s results to determine which of the three equations is correct.

Show all your working.

(. -3 -2 - -
2(.6X(0 X2x (0% = .32 O 4m\ ot MnQq

“32007% 4S5 2.6x10 3% ma o Ee*

NELOH - Fe it

7

1.OZ X0 % ok
| o8R0 32 16 X077
\ L2
g vakion Z om::\) Qo LaEIN

Wt o (T2 voiio of
NH,OH: e+

(¢) The student intends to repeat the procedure to check their results.

3]

There is insufficient time for the student to repeat all three stages and the student decides to omit
Stage 2, the boiling stage. Unfortunately the resulting titre is much less than the original titre.

The student rejects the results from the repeated procedure.

(i) Suggest the purpose of the boiling in Stage 2 and reasons for the second titre being much less
than the original titre.

........................................... SQMhm\s 2]
(33 flon ke ofigirod

© OCR 2014 H432/03 Turn over



PhysicsAndMathsTutor.com

20

(ii) The main reason for insufficient time is the need to boil and cool the mixture for each titration.

Suggest how the procedure could be modified so that Stage 2 does not need to be carried out
repeatedly.

Give your reasoning.

AN X . e N

ArfvolK\oN
END OF QUESTION PAPER
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