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Answer ALL the questions. Write your answers in the spaces provided.

1 This question is about experiments involving chromium ions or compounds
containing chromium.

(@) A small amount of chromium(lll) sulfate was dissolved in deionised water, forming
a solution containing a complex ion.

(i) Give the colour of the solution formed.

(b) Sodium hydroxide solution was added slowly to the complex ion solution until a
solid, Q, formed.
The solid was then separated by filtering under reduced pressure.

(i) State the formula of Q.

(ii) Draw a labelled diagram of the apparatus used to filter under
reduced pressure.
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(iii) Give two advantages of filtering under reduced pressure compared to
gravity filtration.

(c) A sample of solid Q was added to manganese(lV) oxide and excess sulfuric acid.
A redox reaction occurred forming a mixture containing
dichromate(VI) ions, Cr,03 (aq).
3MnO,(s) + 4H'(aq) + 2Q(s) — 3Mn*'(aq) + Cr,03(aq) + 5H,0O(l)

Describe what you would see in this reaction.

(d) Excess sodium hydroxide solution was added to a second sample of solid Q,
forming a green solution.

(i) Give the formula of the complex ion that forms the green colour.

(Total for Question 1 = 12 marks)
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2 This question is about synthetic dyes.

The compound 4-chlorophenol is used in the synthesis of a dye, called
solvent orange 86.

Step 1
Cl2

Step 2
hydroly5|s

heat under
reflux

solvent orange 86

(@) A student suggested using iron as a catalyst in Step 1.

Explain why it is not needed in the reaction with phenol, even though
chlorination of other aryl compounds, such as benzene, require this catalyst.
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(b) The student suggested using the apparatus shown to carry out the heating under
reflux in Step 2. There are two mistakes with this set-up.

~\

3y <— waterin

) —> water out

Identify the two mistakes, in each case describing the problem that would occur
due to this error.

You should assume the apparatus is supported using appropriate clamps.
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(c) Diazonium ions can react to form azo dyes. The ions are formed as shown.

N
NH, NZ
+ HNO,+ H* ——> @ + 2H,0
phenylamine diazonium ion

The diazonium ions then react with phenol in alkaline solution to form the
azo dye.

Procedure

Step 1 Two test tubes containing the reactants are left to stand in ice-water baths
for five minutes as shown.

test tube A test tube B

N 3 e N - e

ice-water

== | — baths — ~S

phenol in
phenylamine NaOH(aq)
HCl(aq)
NaNO,(aq)

Step 2 The contents of test tube B are carefully poured into test tube A.

: _test tube B
N BN e

[\ precipitate of
ﬁﬁ | azo dye forms

test tube A

Step 3 The impure azo dye is separated by filtering under reduced pressure.
Step 4 The impure azo dye is recrystallised using ethanol as the solvent.

Step 5 The purified sample of azo dye is dried.
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(i) Give the systematic name of HNO,.

(ii) State why the HNO, is formed when required in test tube A, rather than
bought from a chemical supplier.

(iii) Explain why the test tubes in Step 1 are left in an ice-water bath for
five minutes.

(iv) Explain why a student carrying out Step 4 was told to ensure they used
the minimum amount of hot ethanol to dissolve the azo dye.
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(v) State how the purified azo dye could be dried in Step 5.

(1)
(d) The hazard symbols present on the reagent bottle containing phenylamine
are shown.
State three precautions, other than wearing safety glasses and a laboratory coat,
chemists should take when using phenylamine. In each case give a reason for
your answetr.
(3)

Precaution 1

(Total for Question 2 = 15 marks)
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3 Compound X is a colourless, viscous liquid used in the manufacture of fragrances
and resins.

Molecules of X contain the elements carbon, hydrogen and oxygen only and have
one functional group.

(a) Qualitative tests on X show that it
« burns in air with a very smoky flame
- forms an orange precipitate with 2,4-dinitrophenylhydrazine (Brady’s reagent)
« does not form a red precipitate when warmed with Fehling’s solution

« forms a yellow precipitate when warmed with iodine in
sodium hydroxide solution.

Explain what can be deduced about the structure of X from each of
these findings.
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(b) Complete combustion of 4.70g of X produces 13.80g of carbon dioxide
and 2.82 g of water.

Determine the empirical formula of X.
(4)

(c) The molecular formula of X is the same as its empirical formula.
Use this information, and your answers to (a) and (b), to deduce the structure of X.
(1)

(Total for Question 3 = 9 marks)
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4 Phenolphthalein is an indicator used in acid-base titrations. It can be represented by
the simplified formula H,In. When mixed with an excess of hydroxide ions it reacts
rapidly, forming a pink solution, due to the ion In*"

The pink colour then fades as the colourless ion InOH* forms.

In*(aq) + OH(aq) — InOH’(aq)
pink colourless

(@) A student carried out an experiment to find the order of this reaction with respect
to In”.

A solution of phenolphthalein was mixed with a large excess of
potassium hydroxide solution.
The resulting solution contains In® of concentration 0.00500 moldm™.

The concentration of In*” was measured over a time period of 300 seconds.

Time Concentration of In*

/s /mol dm™
0 0.00500

30 0.00380

60 0.00280

120 0.00150

150 0.00110

210 0.00060

270 0.00030

300 0.00020
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(i) Give the name of the most suitable technique to monitor the concentration of
In* during the reaction.

(ii) Plot a graph of the concentration of In*” against time.

ii) Determine two successive half-lives for the concentration of In*".
You must show your working on the graph.

(i
(2)
First half-life ...

Second half-life ...
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(iv) Deduce the order with respect to In*".

Justify your answer.

(v) Explain why the results of this experiment do not allow the overall order of
the reaction to be determined.

J
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(b) Another student carried out an experiment to find the activation energy of the
reaction between In*” and hydroxide ions.

A graph of In(rate) against 1+temperature was plotted using the data obtained.

4.0

4.5

In(rate)

-5.0

-5.5

—60 T T | | |
0.00317 0.00321 0.00325 0.00329 0.00333 0.00337

1+temperature /K™

(i) Calculate the activation energy for the reaction, using the gradient of the
graph and the Arrhenius equation shown.

Give your answer to an appropriate number of significant figures, including a

sign and units.

E 1
lnk = —?a x - + Ln(collision factor) R =8.31Jmol K™
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(i) A value for In(collision factor) of -4.4, given to two significant figures,
was suggested by the student.

State whether or not you agree with this value. Justify your answer.

| DONOTWRITEINTHISAREA

(Total for Question 4 = 14 marks)

TOTAL FOR PAPER = 50 MARKS
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