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This Exam Includes Three Exercises. It is Inscribed on 4 Pages Numbered from 1 to 4.
The use of Non-Programmable Calculator is allowed.

Answer the three Following Exercises
Exercise 1 (7 points) Decomposition of Javel Water

Javel water is an aqueous solution of sodium hypochlorite (Na*+ C£0O") used as disinfectant and bleaching agent.
The decomposition of hypochlorite ions take place in a complete and slow reaction according to the following
equation:
2CLO (@) = 2CC @q) + Oz (q)

This reaction can be catalyzed by the cobalt ions (Co?*).
The aim of this exercise is to study the kinetic of this decomposition reaction in the presence of cobalt ions.
Given: - Oxygen gas is practically insoluble in water

- Molar volume of gas at the experimental conditions: Vi, = 22.4 L.mol™

1.  Preliminary Study

Available is a commercial sodium hypochlorite solution (S,) of concentration C, = 1.3 mol.L™.
1.1. Choose, by justifying, from the list of the document- 1, the most appropriate glassware needed to
prepare a volume Vs = 100.0 ml of a solution (S) five times more diluted.

Beakers: 100, 250 and 500 mL Graduated cylinders: 5, 10 and 20 mL
Volumetric pipets: 5, 10 and 20 mL  Volumetric flasks: 50, 100 and 250 mL
Erlenmeyer flasks: 100 and 250 mL  Burets : 25 and 50 mL

Document-1

1.2. Show that the concentration of hypochlorite ions in the solution (S) is [CEO] = 26x10mol.L™.

2. Catalytic Decomposition of Hypochlorite lons

Available are three beakers numbered from 1 to 3, each containing the same volume of the solution (S).
- A volume V' of a pink color solution of cobalt (11) chloride (Co**+ 2Ct") of concentration C is poured into
beaker 2.
- A volume V" =2 V' of a pink color solution of the same cobalt (I1) chloride (Co**+ 2C¢") of concentration
C is poured into beaker 3.
- The beaker 1 is left as blank.
The observations are listed in the table of document-2

Observations

Number of the beaker Gas release at an instant of timet | Color of the medium at
the end of the reaction

1 No gas release ]

2 Gas release Pink color
3 The gas release is more abundant Pink color
than that in beaker 2
Document-2
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2.1. Referring to document -2:
2.1.1. Verify, based on the observations of the two beakers 1 and 2, that cobalt ion (Co®") is a
catalyst for the decomposition of hypochlorite ions.
2.1.2. Deduce the effect of the quantity of the catalyst used on the rate of decomposition of
hypochlorite ions.

3. Kinetic Study
At the instant of time t = 0, the catalyst (Co*") is added to a volume V; = 100.0 ml of the solution (S)
without noticeable change in volume. The kinetic study is realized by measuring the volume of the
oxygen gas released at different instants of time. The obtained results allow us to draw the table of
document- 3.

Time (s) 0 306090120 |150 | 180 | 210 | 240
[CeOT (107 mol.LY) |26 |22 [19 |16 | 136 |11 |90 |7.0 |56

Document -3

3.1. Show that at each instant t the concentration of hypochlorite ions [C€0] in mol.L™* and the volume of
oxygen gas formed V,,, in ml are related by the following relation:

|4
[CEOT; = 26x102- —22
1120

3.2. Deduce the volume of oxygen gas,V,,, released at the end of the reaction.
3.3. Plot the curve representing the change in the concentration of C€O" ions as a function of time:
[CeO] = f (t) in the interval of time [0 — 240 s]. Take the following scale:
lcm — 30sinabscissa and 1 cm — 2x10% mol.L™ in ordinate.
3.4. The rate of decomposition of C€O" ions decreases with time. Indicate the kinetic factor responsible for
this variation.
3.5. Determine the half-life time for the reaction ty,.

Exercise 2 (7 points) Weak Acids

Available are two flasks containing two weak acids solutions denoted solution (1) and solution (2). The labels on
these two flasks show the indications given in document -1

Solution (1) Solution (2)
Ethanoic acid CH;COOH Monoacid HA
pKa (CH3;COOH/ CH3COOQ ) pKa (HA/A™)
C:1=9.0 x10* mol.L* C,
pH1=2.9 pH>, =29
Document -1

The aim of this exercise is to know which of the two weak acids CH3COOH or HA is stronger.
1. Determination of the pKa of the Pair CH3;COOH/ CH3;COO ~

1.1. Write the equation of the reaction of ethanoic acid with water.
1.2. Show that pKa (CH3COOH/ CH3COO ") =4.75

2. Titration of the Solution (2)

A volume V, = 10.0 mL of the solution (2) is titrated, at 25°C, with a sodium hydroxide solution ( Na*+ HO")
of concentration Cp= 5%x10" mol.L ™ in the presence of an appropriate colored indicator.
The volume of the basic solution added to reach equivalence is Vpe = 20.0 mL.
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2.1. Name the glassware used to:
2.1.1. Withdraw the volume V.
2.1.2. Add the sodium hydroxide solution.
2.2. Write the equation of the titration reaction.
2.3. Choose, from the list of the document- 2, the appropriate colored indicator for this titration. Justify.

Colored indicator Methyl orange Cresol red Bromocresol green
pH range of color change |3.2— 4.4 7.2—8.2 3.8—-54
Document- 2

2.4. Determine the concentration C, of the solution (2).
2.5. Referring to C4, pHs1, C, and pHy, specify which of the two acids, HA and CH3COOH, is stronger.

3. Study of the Pair HA/A™

A volume V, = 10.0 mL of the sodium hydroxide solution (Na*+ HO ) of concentration C,= 5%107 mol.L™
is added to a volume V; = 10.0 mL of the solution (2) in order to reach half-equivalence. The measurement
of the pH of the obtained solution gives a value pHs.
3.1. Choose the correct answer. Justify

[A7]

3.1.1. Theratio ﬁ in the obtained solution is:
A~ A~ A~
S I R o (T o
[HA] [HA] [HA]

3.1.2. The value, of pHs is:
a- pH3=4.75 b- pH;=3.75 c- pH3 =5.75

Exercise 3 (6 points) Pear Perfume

Amyl ethanoate or pear perfume can be obtained by the reaction between ethanoic acid and amylic alcohol,
which is extracted from potatoes. The general formula of this ester is:

CH;-COO-R
Given: Molar mass in g.mol'l: Mc=12; My=1; Mo =16

1. Ildentification of the Ester

Amylic alcohol is a saturated non cyclic monoalcohol.The controlled mild oxidation of amylic alcohol produces
an organic compound (A) of formula C,H»,0 according to the equation:
CiHopn+20 + ¥2 O — CH,,0 + H,O

The oxidation of a mass m= 8.8 g of this alcohol, produces a quantity n= 0.1 mol of the organic compound (A).

1.1. Determine the molar mass of amylic alcohol.

1.2. Show that the molecular formula of the alcohol is CsH;,0.

1.3. Experimental studies, carried out on the organic compound (A), gave the results shown in

document -1

Compound (A) | Structural Analysis Test with 2,4-DNPH Test with Schiff’s reagent
Result Non-branched chain | Yellow- orange precipitate Pink color
Document-1
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By referring to document-1:
1.3.1. Deduce the chemical family of the organic compound (A).
1.3.2. ldentify the compound (A).
1.3.3. Give the systematic name of amylic alcohol.
1.4. Write, using condensed structural formulas, the equation of the synthesis reaction of amyl ethanoate.

2. Study of the Synthesis

In order to synthesize amyl ethanoate, the three experiments given in document -2 are realized.
The reacting mixture, in experiments 1 and 2, is heated to reflux until the evolution of the reacting system

ceases.

Ethanoic acid | Amylic alcohol | Temperature Sulfuric acid
Experiment-1 1 mol 1 mol T Few drops
Experiment -2 1 mol 3 mol T Few drops
Ethanoyl chloride Amylic alcohol
Experiment -3 1 mol 1 mol
Document-2

The three curves represent the variation of the number of moles of ester formed as a function of time in the
three experiments are drawn on the graph of document-3

Negter (MOI)
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Document-3

2.1. Knowing that the yield of the esterification reaction of an equimolar mixture of a carboxylic acid and a
primary alcohol is 66% attribute, by justifiying, each experiment of document -2 to the corresponding
curve in document-3.

2.2.Indicate the role of sulfuric acid in the two experiments 1 and 2.

2.3.Write the condensed structural formula of ethanoyl chloride.

2.4.The experiment 1 is carried out again but at a temperature T'>T. Specify whether the following statement

IS true:
The number of moles of the ester obtained at the end of the evolution of the reacting system increases.
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