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Data sheet

TABLEAU PERIODIQUE DES ELEMENTS _ VEA

1 1008 2 40026
H NUMERO DU GROUPE NUMERO DU GROUPE He
HYDROGENE RECOMM. \\I)\l.l,]“:’\\ DE LTUPAC CHEMICAL \fl;,l\:f‘\( T SERVICE HELIUM

3 694|4 90122 13 5 10816 12011|7 14007|8 15999|9 18.998(10 20.180

2 NOMBRE ATOMIQUE 5 10811} MASSE ATOMIQUE RELATIVE (1
Li | Be o B C | N (o) F | Ne
umion | serviium SYMBOLE B pore | carsone | azore | oxvoene | rvom NEON
e

11 22990 | 12 24.305 BORE |- NOM DE L'ELEMENT 13 26982 14 28.085 |15 3097416 32.06(17 3545|18 39.948
Na | Mg Al | Si P S | Cl | Ar
SODUM MAGNE SIUM ALUMINIUM SILICIUM PHOSPHMORE SOUFRE CHLORE A N

19 39.098 | 20 40.078 | 21 44.956 | 22 47.867 | 23 50.942 | 24 51.996 | 25 54.938 | 26 55.845 | 27 58.933 | 28 58.693 | 29 63546 | 30 6538 |31 69.723 |32 7264 |33 74.922|34 78971/ 35 79.904 |36 83.798

K | Ca| Sc | Ti V |Cr | Mn| Fe | Co| Ni |Cu|Zn | Ga| Ge | As | Se | Br | Kr

POTASSIUM | CALCUM | SCANDIUM TITANE VANADIUM | CHROME | MANGANESE FER COBALT NICKEL CUVRE ZNC GALLUM | GERMANILM |  ARSENIC | sELEnuM BROME KRYPTON

37 85468 |38 87.62| 39 88.906 | 40 91.224 |41 92906 |42 9595|43  (98)|44 101.07 | 45 102.91| 46 106.42 |47 107.87 |48 112.41| 49 114.82| 50 118.71|51 121.76 |52 127.60|53 126.90|54 13129

Rb | Sr | Y | Zr [ Nb Mo | 7% | Ru Rh| Pd| Ag | Cd | In | Sn | Sb | Te I Xe

RUBIDIUM | STRONTIUM | YTTRIUM | ZIRCONIUM | NIOBIUM | MOLYBOENE | TECHNETIUM | RUTHENIUM | RMODIUM | PALLADIUM |  ARGENT CADMILM INDIUM ETAN ANTIMOINE |  TELLURE 100E XENON

55 132.91(56 137.33 57-71 72 178.49 | 73 180.95 |74 18384 |75 186.21|76 190.23| 77 192.22| 78 195.08 (79 196.97 | 80 200.59 | 81 204.38| 82 207.2 |83 208.98 | 84 (209)|85 (210)| 86 (222)

Cs | Ba |La-Lu| Hf | Ta | W | Re | Os | Ir | Pt | Au | Hg | Tl | Pb | Bi | Po | At | Rn

cesium sarvum  [Lanthanides) o TANTALE | TUNGSTENE |  RMENIUM oSMIUM RIDIUM PLATINE oR MERCURE | THALLIUM PLOMS BISWUTH | POLONIUM |  ASTATE RADON

87 (223)|88 (226)| gog.1(3 |104 (267)| 105 (268) (106 (271)(107 (272)(108 (277)( 109 (276) (110 (281)[ 111 (280)( 112 (285)( 113 (285)| 114 (287)| 115 (289)| 116 (291)| 117 (294)| 118 (294)
Fr | Ra |AcLr| [Rf | Db | Sg | Bh | Bs | Mt | Do | Rg | Co | Nb | Fl | Me | Ly | v |Og

e ™

FRANCIUM |  RADIUM Actinides | pmemsorovn| DuBnLM | SEABORGIM | BoMRIUM | HassIM | mETNERIUM | osusoTn | RoenToENM | copemmcin | nmonum | rgrovn | Moscovium RUORIM | TENNESSE | OGANESSON

Standard Constants:

Electronegativity according to Pauling’s scale:
X(H)=2.1;x(C)=2.5;%x(N)=3.0;x(0)=3.5;%x(S)=2.5;x(Mn)=1.5

h=6.626103%).s c=2.998108m.s? e=1.602101°C me =9.109 103t kg
Ru = R« Rydberg constant for hydrogen = 109677.80 cm™
N: Avogadro’s number = 6.022.1023 mol?

The following relationship can be used without any demonstration: E(eV) = 12400 / A(A)

Standard redox potentials (in V):

E° =1.51v ; E° =0.77V; E,f_’eS+/Fe:—o.04v; E°

MnO,~ IMn?* Fe* IFe®* Fe?* IFe

=-0.45v

Acidity constant for the couple (CICH,COOH/CICH,COO"): Ka = 1028
Autoprotolysis constant for water: Ke = 1014

Problem I: Hydrogen like ions (3.5 pts)

Following its excitation by a photon of wavelength A = 105.53 A, a hydrogen like ion produces 10

emission lines.

1) What is the level reached during the excitation? Justify your answer with the help of a
diagram.

2) What is this hydrogen like ion? Give the answer using the following formula ;X¥*.

1



3) Establish the expression of the energy of a level noted En. Compute the energy in eV of the

involved levels to within 101 eV.

Problem Il: Lewis model and VSEPR theory (4.5 pts)

1) Identify the common point(s) and difference(s) between the possible electronic
configurations of oxygen and sulfur.

2) Give the Lewis structure, the geometrical shapes and the observed angles deduced from the
VSEPR theory for the following molecules or ions: sulfur dioxide (SOz), sulfur trioxide (SOs),

sulfite ion (SO3s%) and sulfate ion (SO4%). If applicable, give the resonance hybrid.

Problem lll: Undulatory model of bonding, intermolecular interactions (2 pts)

The molecule shown below has the following empirical formula C10H13N30S (M = 223.29 g.mol?).
Figure 1 shows its Lewis formula without the non-bonding doublets. Figure 2 shows its structure

established from the Xray diffraction of a crystal.

CHs
OH N _CHs
ﬁ/”\ﬁ .
Figure 1 Lewis Formula Figure 2 Structure obtained from the Xray diffraction

1) Give the hybridization states of atoms C1, C7, C8, C9, C10.
2) Give the hybridization state of atom N1 and give the type(s) of bond(s) observed
between C8 and N1 as well as the orbitals involved.

3) Give the type of interaction that involves nitrogen N1.

Problem IV: Crystallography (12 pts)

A ceramic of composition BaTiOx adopts a cubic lattice at 125 °C. The radii of the ions composing

this structure are the following: rBa?*=135 pm, rTi**=68 pm and rO*=140 pm.

1) Give the x value expected in the BaTiOx formula and explain how you obtained it.

2) Give the type of bond observed in this structure.



Ba?* ions are located on vertices of the structure, Ti** ions are located at the center of the cube and

0% ions occupy the centers of the faces.

3) Represent the cell structure by clearly identifying the different ions observed.

4) Give the population of the cell.

5) Considering a, the parameter of the cell and using the ions radii, give the cation/anion
tangency conditions as well as the non-tangency conditions observed for Ba%*/Ti** and
0%/07.

6) Using the ions radii values, compute the only cell parameter a possible for this cell. Can you
conclude on the tangency of one of the cations with the 0% ions?

7) Give the cation/anion coordination numbers of Ba?* and Ti** ions.

8) Give the Atomic Packing Factor (APF) definition and compute its value for this cell.

9) Compute its density in g.cm3,

10) According to your answers at questions 5) and 6), represent a plane parallel to 2 opposite
faces of the cube and passing through the edges in a/2. Then, represent a plane cutting the

cube in 2 and passing through 2 opposite edges.

Problem V: Chemical transformations (3.5 pts)

Let’s consider the following chemical reaction in water:

CH,COCH ,,, + HCOO™ ,,, =2 CH,CO0",,, + HCOOH

(aq (aq) (aq (aq)

At 25°C the equilibrium constant is: K, =0.1

1) For the following operating conditions performed on a total volume of V = 1 L, indicate:
- If a change occurs or not

- If yes, what is the direction of the reaction (forward or backward)?
Answers must be clearly detailed and justified.

a) [CH3COOH]o = [HCOOH]o = [CH3COO o = 0.10 mol.L'%, [HCOO o = 0

b) [CH3COOH]o = [HCOOH]o = [HCOO"]o = [CH3COO™]o = 0.10 mol.L2

c) [CH3COOH]o = 0.10 mol.Lt and [HCOOH]o = [HCOO]o = [CH3COO]o = 0.010 mol.L:
d) [CH3COOH]o = [HCOO]o = [CH3COO]o = 0.10 mol.L, [HCOOH]o = 0



Problem VI: Redox reactions (7 pts)

We want to determine the amount (in mg) of Iron (Il) Sulfate FeSO4 contained in a given sample
(noted S1). To do this, a redox experiment is carried out in an acid medium by reacting the iron
cations resulting from the dissolution of FeSO4 with permanganate ions (MnQys’). The reaction is

considered as total.

1) Knowing thatiron (ll) sulfate is a strong electrolyte in water, give the equation of dissolution
reaction of FeSOa4 in water.

2) Give the 2 redox half-reactions equilibrated in acidic medium. The oxidation numbers are
required. Indicate the oxidation and reduction half reactions.

3) Give the overall redox reaction indicating the oxidizing and reducing species of this reaction.

Give the number of electron moles exchanged per mole of permanganate ions.

The reaction is carried out as follows: One chemist weighs 1.00 g of solid S1 that contains the iron
() sulfate and dissolves it in 10.0 mL of acidified water. Finally, a solution containing permanganate
ions of initial concentration 0.0250 mol.L is added. The exact volume added for the complete

reaction of iron ions is 25.0 mL.

4) Give in grams the quantity of iron (ll) sulfate present in 1.00 g of solid Si.

Problem VII: acid-base reactions (7.5 pts)

Let’s consider a V = 1.00 L of a chloroacetic acid (CICH,COOH) solution of initial concentration in

water of 0.0500 mol.L. The influence of self-dissociation of water can be neglected here.

1) Write down the dissociation reaction of this acid in water. Give the expression of the
equilibrium constant K°r and compute its value.

2) Calculate the concentration of all the chemical species present in solution at equilibrium
(including HO").

3) Give then the pH of the solution. lllustrate the state of the system using a predominance
diagram given as a function of the pH.

4) Give (in %) the conversion of chloroacetic acid when the equilibrium is reached.

5) What should be the initial concentration of this acid to obtain a 50% dissociation ratio at

equilibrium? What would be the value of the pH?



