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Exercise 1
An aqueous solution of hydrogen iodide of molar mass 128 g/mol is a sitmhg\ commercial solution 28% by weight,
of relative density 1.26 and designated as hydroiodic acid is available.
a) The reaction hydrogen iodide with water is written as: IHL®H |” + H;O"
b) One needs 16.1 mL of commercial solution to make 1 L of hydroadit solution of concentration 5.0 x40
mol/L.
¢) The pH of the solution prepared above more than 1.5.
d) By adding 20 mL of the hydroiodic acid prepared above to 25 mL of a 2.0° xnb0L solution of sodium
hydroxide, a solution of pH = 1,95 is obtained.
e) During the reaction between the hydroiodic acid solution and the sodimnoxige solution, it is observed that at
equivalence, the pH jump is less and less important as dilution ingrease

Exercise 2
30 cn? of an aqueous solution of ethylamine are titrated using a 0.2Q mwoliition of hydrochloric acid. At the
equivalence point, the volume of acid measured is £2 cm

a) The reaction leads to the formation of th#i§€NH; ion.
b) The concentration of the amine is 0.12 mol/L.

¢) The initial pH being 11.9, it is found that pKC,Hs RIH3/C2H5NH2) is very near to 10.8.
d) pKa (|<1H4/NH3) =9.2. Thereforetl H, is a weaker acid thands |J<1H3
e) The ltlH4 ion has a pyramidal electronic structure.

Exercise 3
Methyl ornage is a coloured indicator, noted AH, whosg @Kequal to 3.5. The AH form has a red colour and the A-
form, a yellow colour; the AH imposes its colour if [AH]LO[A] and the Aimposes its colour if [A3 10[AH].

a) If pH= pK,, then [AH] = [A].

b) If pH= pKa-1 then [A] = 10[AH].

c) If pH= pKa+1, then [A] = 10" [AH].

d) The zone of colour change is comprised between 2.5 and 4.5.

e) Methyl orange is red when pH = pK1.

Exercise 4
The percentage composition of a compound X is C: 40.0%; N: 46.7% and3®6.11) mL of a solution of compound X
of concentration 0.1 mol/L are made to react on 20 mL of a solution of hydrogen chlsaeetoncentration.

a) Compound X is an amine.

b) The quantity of matter of hydrogen chloride that has reacted is equal to yjoantatter of X.

¢) Compound X contains only one atom of nitrogen.

d) The molar mass of X is 46 g/mol.

e) The molecular formula of X is £l;N.

Exercise 5
An analysis of an organic compound A gives the following results: %C =%H1% 10.3; %0 = 27.6.
a) If A only one atom of oxygen, then its molecular formula can be writtentagoC
b) A could possess a ketone function if its skeleton is acyclic.
c) A could possess an alcohol function if its skeleton is cyclic.
d) A does not give a precipitate with 2,4-dinitrophénylhydrazine doepassess a cyclic skeleton. Its formula is
therefore HC=CH-CH,-O-CHs.
e) If Aiis an alcohol, its formula would be:;8=CH-CHOH.

Exercise 6
The kinetics of the reaction between ethanoic acid and a primary alcoholemfutar formula gHgO is under study.
a) The rate of disappearance of the acid is given by a numerically number.
b) If the temperature is enormously increased, the reaction becomesanstaus.
c) The rate of formation of a product and that of the disappearance of atrasgproportional to time.
d) The rate of disappearance of the acid is independent of the ratenatibn of the ester.
e) The number of moles of a reagent influences the rate of the reaction.

Exercise 7



A solution is prepared containing:
- 10 cnf of potassium iodide solution of concentration 1.0 mol/L;
- 1 cn? starch solution;
-V mL of a solution of thiosulphate of concentration 1.0 mol/L;
- some water and sufficient acid so as to have a practicalgtant
volume of 1 litre.
Att =0, 1.0 mL of 9.88 mol/L solution of hydrogen peroxide is added.

a) Hydrogen peroxide is slowly reduced by iodide ions in acid medium.

b) The thiosulphate solution reacts practically instantaneoaslyl,
upon its formation.

c) 2 cn? of sodium thiosulphate solution are needed to detect the end of
the formation of one millimole of iodine.

d) The rate of formation iodine corresponds to that of diminution iodine withirt@rcéme.

e) The curve representing, as a function of time is shown. It is possible to calculate tteeafiformation of
iodine att =24 h.

Exercise 8

lonic compounds are soluble in water and, more generally, in polar solvents.

a)
b)
c)
d)
e)

Repulsive electrostatic interactions are produced between moletwlaeoand the polar molecules.
Hydrogen bonding is “stronger” than a covalent bond.

A non polar molecule has the tendency to associate with molecules of water.

The hydration of a polar molecule is an endothermic phenomenon.

A compound of formula CHCOOH possesses a hydrophilic group.

Exercise 9
An organic compound X has a molecular formulidO. It gives a negative test with 2,4-D.N.P.H., but can take up

hydrogen to give §H;,0.

a)
b)
C)
d)
e)

X is an unsaturated molecule.

X has carbonyl group.

If CsH1,0 is pentan-2-ol, then the compound has two topological formulae.
X presents Z/E isomerism. It is pent-3-en-2-ol.

X can exist in four configurations.

Exercise 10
A systematic study of the esterification reaction was sedlithe year 1862 by Marcellin Berthelot. He did several
experiments in order to study to the influence of temperatutelyses, nature and proportion of reagents ... on the

formation of esters.

a)
b)

C)
d)
e)

The yield of esterification depends on the nature of the carboxylic amid us

In order to displace the chemical equilibrium in the directiora dfetter yield of the ester, the ester can be
withdrawn upon formation.

A more efficient method of esterification consists in replacing éneaxylic acid used by one of its derivatives.
The existence of the hydrolysis reaction does not limit the yield oltitbesis of an ester.

An increase in temperature does not modify the composition at emuilibbecause the esterification and
hydrolysis reactions are athermic.

Exercise 11
The net equation of the saponification of esters is written as: R-COHR™ R-COO +R’-OH

a)
b)

c)
d)

e)

The oxygen atom of the hydroxyl ion constitutes a nucleophilic site.

By localising the electrophilic and nucleophilic sites on tlageats, it is possible show clearly the mechanism of
the saponification reaction.

Saponification is complete and fast reaction.

On realising the saponification of 15 mL of pentyl acetatdenfsity 0.87 g/mL using excess sodium hydroxide,
alcohol is formed which, when collected, dried and weighed, gives 8Heg.eaction could give a maximum of
8.5 g of alcohol.

The vyield of the saponification reaction of 15 mL pentyl deetsing excess sodium hydroxide is more than
95%.

Exercise 12
Soap is a mixture of sodium or potassium carboxylates of forRwZ&®OM*, whose carbon chains R are non ramified

and possess generally more than 10 atoms of carbon.

a)

Soap is said to be hard wheri i the N& ion; it is soft when Mis the potassium ion, 'K

b) Soaps are highly soluble in water.

~\
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e) The industrial manufacture of soap is done by saponification, washing andisatitral

Exercise 13
1.12 L of hydrogen chloride (at 0°C and 1 atmosphere) are dissolved so as to obtain lutioof so
a) The pH of this solution is 1.1.
b) 5 mL of a solution of sodium hydroxide of concentration 0.1 mol/L dde@to 20 mL of the above solution of
acid. The new value of the pH is 1.7.
c) 10 mL of a solution of sodium hydroxide of concentration 0.10 mol/ladded to 20 mL of the above solution
of acid. The new value of the pH is 6.
d) During the titration of a hydrochloric solution by a sodium hydroxidetiem, the addition of distilled water to
the solution being titrated modifies the pH at equivalence.
e) During a “strong acid/strong base” titration, the addition of puager increases the initial pH if the beaker
contains the acid solution.

Exercise 14
It is desired to titrate an iodine solution using a sodium thioatgpsolution. At the equivalence point, 7.5 mL of deci-

molar solution of thiosulphate and 15 mL of the iodine solution were used. Givert¢sgDE /S,05 ) = 0,08 V, E° (/I
)=0,54V,Na: 23 g/mol;S:32g/mol

a) S,0Z is the peroxodisulphate ion.

b) The net equation of the natural reaction between the two coupR©&: +2 1 S,03 + 1,

¢) In solution, iodine has a dark brown colour.

d) The molar concentration of the iodine solution 2.5 X a®I/L.

e) One must dissolve 6.2 g sodium thiosulphate pentahydrate sa®&H,0) in 250 cm of water in order to
obtain deci-molar solution of thiosulphate.

Exercise 15
The combustion of 0.3 g of a hydrocarbon in excess oxygen gives 0.432 g of water and 0.924 g carleon dioxid
a) The net equation of this combustion isHG+ (x+y/4)0,  x CO, +(y/2) HO.
b) Thisis a complete combustion.
¢) The percentage carbon of the hydrocarbon more than 50%.
d) The percentage hydrogen of the hydrocarbon is 26%.
e) The carbon hydride of molar mass 100.3 g/mol has a molecular formugaaf C

Exercise 16
Potassium nitrate is a binary fertiliser obtained by thi@mof nitric acid on potassium chloride. Given: K: 39; N: 14; O
16 (g/mol)

a) A fertiliser is said to be binary when it contains nitrogen and potasssufiertilising elements.

b) The element potassium favours plant growth..

c) The mass of hydrogen chloride collected during the production of a tonne potagsatenis less than 300 kg.

d) The percentage of the element potassium in this fertiliser is 38.6%.

e) Considering that a commercial solution of hydrochloric acid hasreentration of 11 mol/L, 900 énof

hydrochloric solution can be made from the hydrogen chloride during the manefaichatassium nitrate.

Exercise 17
A student prepares a solution copper sulphate by dissolving 3.19 gecdmiydrous solid in 500 érof water. Then, he
adds zinc powder in large excess. A metallic deposit forms.ltdesfthe solution and a precipitate is formed. You are
given the following molar masses in g/mol: S: 32.0; CI: 35.5; Cu: 63.5; Zn: 65.4.

a) The student prepared his solution in an Erlenmeyer flask.

b) The molar concentration of the copper sulphate solution is 0.04 mol/L.

c) The net equation of the reaction of zinc with copper sulphate is: Cti + Fee + Cd*

d) The mass of the metallic deposit is close to 1.25 g.

e) The mass of precipitate formed almost 2 g.

Exercise 18

The different energy levels of the hydrogen atom are givehédyetation k= - Qf where E is expressed in eV and n
n

is a whole non-zero number.
a) The energy of the fundamental level of the hydrogen atom is +13.6 eV.
b) The fundamental level has maximum energy.
c) Toionise an H atom in its fundamental state, its electron has to be ctoduénity.
d) The shortest wavelength of the radiation emitted by the hydrogen atom 91.27 nm.
e) Hydrogen atoms are excited by ultraviolet radiation of waveltehgt 97.35 nm. The energy level attained



Exercise 19
Butan-2-ol is prepared by hydration of an alkene X which presectsfiguration isomerism, or of an alkene Y different

from X.

a)
b)
C)

d)
e)

Butan-2-ol is chiral.

Butan-2-ol is optically active.

The hydration of the two isomers of X gives a mixture of enantigmiee proportions of 50%; this is a racemic
mixture.

A racemic mixture has the same physical properties as its contitudether it is liquid or gaseous.

A mild oxidation of butan-2-ol leads to a compound that can be identified by Fehiqgs. |

Exercise 20

The atmospheric green house effect is a phenomenon which alloveslihtton energy (ultraviolet, visible et infrared)
which the earth receives from the sun, and that which thie ematiates naturally (infrared), to be partially conselived
the lower atmosphere.

a)
b)
C)
d)
e)

The two main gases which contribute to the green house effect a@n@G}O.

A very important antipollution measure is the obligatory use of aytiatabnverter.

In a catalytic converter exhaust pipe, carbon monoxide is reduced to carbon.

In the higher atmosphere, naturally-occurring ozogélters UV radiation from space.

At lower altitude, ozone, by-product of pollution, participateshanformation of photochemical smog in the big
cities.



Exercise 1:

Aluminium is obtained by electrolysis of alumina. The elegbatential across an industrial electrolyser is U=4 V.
A current I=100 kV flows tthrough it and its electromotive force is E'=2.8 V.

a) The electric power received by the electrolyser cell is 280 kW.
b)  The power lost by Joule effect in the electrolyser cell is 120 kW.
c) The output of the electrolyser cell is 70%.

d) The electric power necessary for the functionning of an industmiahaving 150 electrolyser cells is 72 x
10° W.

e) The electric energy consumed in 24 h by the industrial unit having 150 electa#iisés 6 x 10J.
Exercise 2:

Thierry throws a stone using a catapult. The stone rotating intiaadglane is
ejected at a point O of its circular trajectory at tir/® with a horizontal
velocity v, (see the figure). The stone hits a wall located at tharaietd=10 m

from O. The effect of air on the stone is neglected. G = %8s 10cm.

a) The acceleration vector of the stone remains normal toaigsctory
during the motion.

V,
b)  The velocity vector of the stone in the referenf@li ,k) isV (;

gx

2v

7=
c) The equation of the stone trajectory _

d) The velocity Vois equal to 49 m/s.
e) The stone loses more altitude when its initial velocity is low.
Exercice 3:
a) The trajectory of the centre of inertia of a solid exhibiting free fall isoa.
b)  The horizontal projection of the motion of a point solid exhibiting free fall is uniform
c) The vertical projection of the motion of a point solid exhibiting free fall isoumfy accelerated.

d) The acceleration vectoa; of the centre of inertia of a system exhibiting uniform circuhamtion is a
constant vector.
e) A pseudo-isolated point solid can undergo uniform circular motion.

Exercise 4
A ball of mass m falls freely without initial velocity ava distance h. During the last second of the fall, it moves
over a distance h/2. The origin of dates is the beginning oathand the origin of space is the starting point of the
ball. g = 9,8m%

a) The ball is pseudo-isolated.

b)  The duration of the fall is 0.27 s.

c) The length of the fall is h=0.36 m.

d) The ball velocity during its impact on the ground is V=6.42 m/s.

e) If the experiment is carried out with another ball of mas2m, then the duration of the fall will remain
the same.

Exercise 5

A sinusoidal progressive wave of frequency 40 Hz propagates widaouping from a point S of the surface of
water in a container. The figure shows the image of the sudia@ vertical plane passing at S at a time t where this
point is at the lowest state of its trajectory. Points M drade at the same distance from S (when the water is at

rest) and SM=21 mm
a) The wave is rectilinear.
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c) Thewavelengthi =8.<mm
d)  The wave velocity is v = 0,28 ms
e) The figure obtained &t+ Dt if Dt =150ms is the one presented.

Exercise 6
The figure shows, as function of time, the transversal displeceY of a
point M (of a cord) situated at the distance d=120 cm of the sourtteeg
perturbation. The origin of time is the beginning of the perturbation
a) The perturbation arrives at M at t=0.12 s.
b)  The velocity of the transversal wave is V=0.10 m/s.
c) The perturbation arrives at M' located at 1.6 m of S at t'=0.1
d) The function Y(t) at point M' is as in the figure.
e) For alow amplitude signal, the velocity does not depend on

signal form.
Exercise 7
The figure shows a transversal wave along a cord at tifrfeetox axig/t [~--------- N
is that of the system at rest. O is the point where therpation starts. /)
This transversal perturbation (displacement U) propagateelmit\yos-ff ¢ LB 'Y' >
V=20 m/s. The time t=0 corresponds to the initiation of the wave aEZC_.__f(f_M Xe Xe X X
Xa =100cm ; X% =110cm ; % = 130cm. X = 160cm.
a) The wave arrives at B af + 65ms
b) The wave leaves point B agt= 80ms v
c) Thedelay of the wave observed at M relative to the one a
Bis =10ms. S I A\
d) The cord shape dt+ g is given by the following figure. ';3 . / M—,
e) Fort' 15ms, the cord is at rest. ', \ S xw X
Exercise8 T

The action of air is neglected. The acceleration due to gravity is g =2.0Dming a basketball match, to score, the ball
must pass inside a horizontal metallic circle $&daat 3 m above the ground. To simplify the prohleve replace the ball by a point
that must pass exactly at the centre C of theec(sge the figure).

XoY is the vertical plane containing C, xoz is the horizontal grouadepl
From a point A of OY located at 2.0 m above the ground, a player thhaw

ball with a velocity Vo in the plane xoy and making the an¢ = 45 with
the horizontal. The verticals of A and C are separated by a distance of 7.
a) The ball trajectory is plane.

10x?

2
0

c) To score a goal, Vo must be equal to 9.1 m/s.
d) The ball takes 1.1 s to go from A to C.
e) An opponent situated at 0.90m of the player throwing the ball jumgsalr with his arms up to stop the

ball. His arms attain the height 2.8 m above the grour Iand Yo remain as before, then the player
cannot score the goal.

Exercise 9
A geostationary telecommunication satellite rotates at conalitude of 3.6 x 10Km. The study of that satellite is
carried out in the goecentric referential and it is consitles a point. Earth radius R= 6.4 X KM, period of the
earth revolution: 24 h.

a) This satellite trajectory is contained in the plane of the terrestyitor.

b)  The satellite acceleration vector is tangent to the trajectory.

c) The satellite velocity has a constant magnitude.

d) The satellite velocity is 3081,85 m/s.

e) The satellite angular velocity is 7.27 x°L@d/s.

Exercise 10

An interference experiment is carried out with a monochromagit bof

wavelength . One uses a verical light split source directed to two \art
splits F1 and F2 with a = F, = 0.2 mm (see the figure). At a distance D=1

+X- 2

b)  The trajectory equation ig, : y =




phenomenon. An horizontal axis ox is considered on the screen. ésmédian plane of the splits. For a point M

_ ax
of coordinate x of this axis, the distance difference between two rays comingTfrand F2is ~ o .
a) The sources F1 and F2 are coherent.
b)  The light intensity on the screen is uniform.
_ka -
c) The coordinaté, of a point on ox where the light intensity is null is writter *x= "5~ wherekl Z.

D
d) The intervall i between two successive minim'= 3

e) Ifthe distance | separating the centre of the central brilliant fringereat of the second dark fringe located
at one side of this brilliant fringe is 3.9 mm, then the wavelength is 520 nm.

Exercise 11

Cesium 137 i radioactive Its half life is 30 years. At time t=0, there is anpée containing 1000 mg of cesium
137.
Hints: From periodic table :;, X (Xénor);.;Cs (Césiun); B, (Baryun)

= c - = 7
Mass of one mole of atom: Mcgiss™ 3% F Mc ia7= 137

Mass of nucleus Kg:
M, 157 227,2896x 10 “"Kg ;Mg 155= 223,9653.10%'Kg; Mg 15,= 227,2866x 10 *'Kg ;mc_155= 223,9667
Avogadro numbet N=6,02x 1¢*mol *
a)  The desintegration reaction equation §.C,® Je+'>B,
b) At t=120 years, there is still 62.5 mg of Cesiun7 118the sample.

C)  Att=0, there arét3941605x1¢ atoms of Cesium 137 in the sample.

d)  The activity of the sample at t=0 0= 2,89 10“Bq

e) The energy delivered by the desintegration of one atom of Cesium : E=2,7x10 =3

Exercise 12
A webcam has enabled the monitoring of the motion of a simple pendulum (one ireag&Gms). The measure gives

the angular displacemel  and then by numerical derivation, one obtains the angular velgt}y

a) The pendulum is an harmonic oscillator.
b) The oscillations period of the pendulum is T = 0.86s
C) The pendulum length is | = 1.4m

d)  The maximal value of the angular veloc@yis dmax =lrad.s*
e) From the figure of ¢@(t) and the equati

qt) =q.., Cosét +7), one can say the max is equal to
0.18 rad.

Exercise 13
One moves vertically the end S of a long strectched horizootdl he displacement Ys of S is depicted as a
function of time (see the figure). The displacement of a point Mateid at
d=2.00 m of S attains for the first time the value of 0.75 cm at825 ms.
) The wave velocity of the progressive wave is ¢ = 2.47m.s
b)  The length of the portion of the cord affected by the signal ati¥=i3
1=9.88 cm. 1,51
c) The point M situated at d=2.00 m of S receives the signaFa825 ms 1 A
d)  The point M situated at d=2.00 m of S comes to rest after been periyig
by the signal abt= 865 ms.
e) The point of the cord of maximal displacement;at 825 ms is at 0=
1.96 m of S.

Ys(cm
A (cm)




Exercise 14
The coordinate x, expressed in cm, of the cente of inertia ofcaesdlibits a rectilinear sinusoidal motion with the

expression X~ 2C0S; 1 time in seconds.

a) The period of oscillationsis T = 4s

b)  The amplitude of oscillations is equal to 0.05 m
°  The velocity at t=0 is 7.85 m's

d) The velociy is maximal att = 3s

e) The acceleration is equal to 0.125 Tt x = 0.

Exercise 15
A solitary wave, due to the motion of a ship in channel of dept
has a single creep of height h’ = 24 cm and propagates o

water surface with the velocity =/g(h+h') . The figure shows

a view of the surface parallel to the direction of propagaflhe
portion affected by the wave is L=12.0 m. The distance bet
points M1 and M2 is d = 7.2m. The motion of any point la
t=23%s  g=98mé
a) The wave is longitudinal
b’ The wave velocity is v = 4.8 s
c) The point M is affected by the same motion as the poinith a delay of 1.5s
d) In5s, the wavefront moves on 14.4 m and the wave amplitude is 12 cm.
e) The depth of the channel is h =2.1m

Exercise 16
a) Magnetic field lines are closed curves.
b)  Magnetic field lines are always parallel with one another.
c) Two magnetic field lines cannot cross each other.
d) Magnetic field lines are closer in regions of low field intensity.
e) The magnetic field has the same value along a field line.

Exercise 17
An old bone fragment contains 80 g of carbon, mainly carbon 12. This fragment has ahad®@ivi5Bq.
Hints :
Proportion of carbon 14 in living organisms: one atom of carbon 14 for £%3xtbins of carbon 12
Carbon 12 is stable.
Half-life of carbon 14 : 5.7 x £oyears
Mass of one atom of carbon 12: 1.99 ¥4Rg
a)  This fragment contains 4 x ¥0atoms of carbon 12
b)  This fragment contains 9.45 xt@toms of carbon 14
c) This fragment is 8900 years old.
d) Att= 11400 years from the time of death of the organism, the mtivétyawas equal to half of the activity
at the time of death.
e) Carbon 14 and Carbon 12 are different nuclei.

Exercise 18

In the following figures, one places a point M of chagye 0. In each case, the electrostatic force on q' and the
electrostatic field are represented. No calculation is refjuieand B are the plates of a plane capacitor. In each
case, indicate if the electrostatic forEeor the electrostatic fieldE is well represented.

a) +0 T
b) {+0) e Alra) { C” {(+o)
) F @,J ; ~ I_:|P
d; Ae A (a) ”\ I « :M ] M
e - N .
" ) o5 IE‘
o P, Il . | gl
\ M M at the middle of AB | middle of AB (-q) -
| middle of AB

Exercise 19
One obtaine the maanetic snhectrum of a <olenoid S1 in which amfcafnaten<itv | flows This snectriim realiz



The current intensity is 5A. One measures with a Teslambeer,
value of the magnetic field at the centre O of the solenoid
finds By = 3.15 mT.

a) The north pole of the magnetic needle direction is
one in the figure.

b) The observation of the spectrum indicates that
magnetic field is uniform inside the solenoid.

c) The solenoid has 253 rollings.

d) If one replaces the solenoid S1 by a solenoid S2
length 40.5 cm, but with two times the number
rollings of same radius as S1, then the intensity of
magnetic field at the centre O of the solenoid will
6.30T

e) The magnetic state of a point is defined by the intensity of the magnediaffitiat point.

Exercise 20
a Light is a mechanical wave.
b.  Electromagnetic signals propagate more easily in metals than in rocks
c. A signal always propagates with energy transport.
d Mechanical signals propagate more easily in the vacuum.
e The amplitude of some periodic signals can vary with time.
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