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Data to be used 
	Constant / atomic molar masses (g/mol)
	Value

	Avogadro number N_A
	6.022 × 10²³ mol⁻¹

	Ideal gas constant R
	0.082 L·atm·mol⁻¹·K⁻¹

	Molar volume Vm
	22.4 L/mol (0 °C, 1 atm) ; 24 L/mol (20 °C, 1 atm)

	ρ(water) ; ρ(air, 0 °C)
	1 kg/L ; 1.293 g/L (M_air = 29 g/mol)

	H 1 ; C 12 ; N 14 ; O 16 ; Na 23 ; Mg 24 ; Al 27 ; Si 28 ; S 32
	

	Cl 35.5 ; K 39 ; Ca 40 ; Fe 55.85 ; Cu 63.5 ; Zn 65.4 ; Ag 107.87 ; Cs 132.9
	

	1 Å = 10⁻⁸ cm = 10⁻¹⁰ m
	


Exercise 1 
A sample of iron has a mass of 3.5 g.
1. Calculate the amount of substance (in mol).
1. Calculate the number of iron atoms in the sample and express it in scientific notation.
1. Calculate the mass of one iron atom (in g).
Exercise 2 
A drop of water has a mass of 0.05 g.
1. Calculate the molar mass of water.
1. How many moles and how many molecules does the drop contain?
1. How many hydrogen atoms and how many oxygen atoms does it contain?
Exercise 3 
Calculate the mass (in g) of: (a) one copper atom; (b) one molecule of glucose C₆H₁₂O₆; (c) one formula unit of NaCl.
Exercise 4 
1. What is the mass of 0.25 mol of sulfuric acid H₂SO₄?
1. How many moles are there in 49 g of H₂SO₄?
1. How many moles of oxygen atoms are present in 49 g of H₂SO₄?
1. What mass of NaOH contains the same number of moles as 49 g of H₂SO₄?
Exercise 5 
Natural magnesium is made of three isotopes: ²⁴Mg (78.99 %), ²⁵Mg (10.00 %) and ²⁶Mg (11.01 %).
1. Calculate the molar atomic mass of magnesium.
1. Compare with the value in the periodic table and comment.
Exercise 6 
Natural boron consists of two isotopes, ¹⁰B and ¹¹B (take their molar masses equal to 10 and 11 g/mol). The molar atomic mass of boron in the periodic table is 10.81 g/mol. Determine the natural abundance (%) of each isotope.
Exercise 7 
For each compound: CaCO₃, Al₂(SO₄)₃, CuSO₄·5H₂O, Fe₂O₃
1. Calculate the molar mass.
1. Calculate the mass percentage of the metal in each compound.
1. Which of the four compounds is the richest in metal (by mass)?
Exercise 8 
A cylinder contains 8.8 g of carbon dioxide CO₂.
1. Calculate the amount of CO₂ and the number of molecules.
1. Calculate the volume occupied at 0 °C and 1 atm.
1. Calculate the volume occupied at 20 °C and 1 atm (Vm = 24 L/mol).
1. Explain why the two volumes differ.
Exercise 9 
A 5 L vessel contains an ideal gas at 25 °C under a pressure of 2 atm.
1. Calculate the amount of gas.
1. The gas is methane CH₄. Calculate its mass and its mass density (g/L) under these conditions.
1. What happens to the molar volume if the pressure is doubled at constant temperature? If the temperature is lowered at constant pressure?
Exercise 10 
13.4 mol of methane CH₄ are stored at 0 °C and 1013 hPa.
1. Calculate the molar mass of CH₄.
1. Calculate the volume occupied.
1. Calculate the corresponding mass.
1. Deduce the specific gravity of methane with respect to air.
Exercise 11 
A gas mixture contains 2 mol of N₂, 3 mol of O₂ and 1 mol of CO₂.
1. Calculate the molar fraction x_i and the molar percentage of each gas.
1. Calculate the mass fraction P_i of each gas.
1. Calculate the average molar mass of the mixture.
Exercise 12 
Brass is an alloy containing 70 % Cu and 30 % Zn by mass.
1. Calculate the amount of Cu and Zn in 500 g of brass.
1. Deduce the molar fraction of each metal.
1. Use the relation x_i = (P_i/M_i) / Σ(P_i/M_i) to check your result.
Exercise 13 
Air is composed (by volume) of 78 % N₂, 21 % O₂ and 1 % Ar.
1. Give the molar fractions of each gas (justify using Avogadro's law).
1. Calculate the average molar mass of air and compare it with 29 g/mol.
1. Calculate the density of air at 0 °C and 1 atm, then at 20 °C and 1 atm.
Exercise 14 
A concentrated hydrochloric acid solution contains 37 % HCl by mass and has a density of 1.19 kg/L.
1. Calculate the mass of 1 L of solution.
1. Calculate the mass of HCl and the amount of HCl in 1 L.
1. What mass of this solution contains 0.5 mol of HCl?
1. What volume of HCl gas (0 °C, 1 atm) would be needed to prepare 1 L of this solution?
Exercise 15 
A metal block has dimensions 5 cm × 4 cm × 2 cm and a mass of 316 g.
1. Calculate its density in g/cm³ and in kg/m³.
1. Calculate its specific gravity with respect to water.
1. Will it float in water? In mercury (d = 13.6)?
1. Calculate the density of (a) kerosene (d = 0.78), (b) concrete (d = 2.5), in kg/L.
Exercise 16 
At 0 °C and 1 atm, calculate the density with respect to air of: CH₄, NH₃, Cl₂, SO₂ and CO₂.
1. Which gases are lighter than air and which are heavier?
1. Give the density (g/L) of each gas under these conditions.
1. Which gas would accumulate at the bottom of a poorly ventilated pit? Which at the ceiling?
Exercise 17 
Synthesis of ammonia: N₂ + 3 H₂ → 2 NH₃. 
The initial mixture contains 2 mol of N₂ and 5 mol of H₂.
1. Build the progress table.
1. Determine the limiting reactant and the maximum progress x_max.
1. Give the final composition of the system and the mass of NH₃ formed.
1. Calculate the conversion rate of each reactant.
Exercise 18 

Esterification: CH₃COOH + C₂H₅OH ⇌ CH₃COOC₂H₅ + H₂O. 
Start: 1 mol of acid and 1 mol of ethanol. At equilibrium, 0.67 mol of ester is present.
1. Build the progress table and determine x_final and x_max.
1. Calculate the progress ratio τ. Is the transformation complete?
1. Calculate the equilibrium constant K (the volume cancels out).
1. Using the classification of the course (K < 10⁻⁴, 10⁻⁴ < K < 10⁴, K > 10⁴), classify this reaction.
Exercise 19 
Propane burns according to: C₃H₈ + 5 O₂ → 3 CO₂ + 4 H₂O. 
22 g of propane are burned in 100 L of O₂ (measured at 0 °C, 1 atm).
1. Calculate the initial amounts of reactants.
1. Determine the limiting reactant and x_max.
1. Calculate the mass of CO₂ and of H₂O formed, and the volume of CO₂ at 0 °C.
1. Verify the conservation of mass between reactants consumed and products formed.
Exercise 20 
A silver nitrate solution reacts with copper: 2 Ag⁺(aq) + Cu(s) → Cu²⁺(aq) + 2 Ag(s).
 Initially n₀(Ag⁺) = 2 × 10⁻³ mol and n₀(Cu) = 5 × 10⁻³ mol. After the reaction, 0.172 g of silver is collected.
1. Build the progress table and identify the limiting reactant.
1. Calculate x_final and the progress ratio τ (%).
1. Calculate the conversion of Ag⁺ and of Cu (%).
1. Calculate the reaction yield (%) based on silver.
1. Industrial application: in a blast furnace, Fe₂O₃ + 3 CO → 2 Fe + 3 CO₂; 160 kg of Fe₂O₃ give 100 kg of iron. Calculate the yield.

Exercise 1 
Classify the following solids as covalent, ionic, metallic or molecular crystals and justify using electronegativity: NaCl, Cu, diamond, solid CO₂, Si, ZnS, Fe, solid I₂, CaO. Then, for each type, give the expected trend for the melting point and the electrical conductivity.
Exercise 2 
1. Define a crystalline solid and an amorphous solid. Give two examples of each.
1. Why does the solid state of SiO₂ exist as quartz and as glass? Compare their structures.
1. What information can X-ray diffraction provide about a crystal? Why is it useless for identifying a liquid structure?
Exercise 3 
1. Complete the table of the Platonic solids (faces F, vertices V, edges E): tetrahedron, hexahedron (cube), octahedron, dodecahedron, icosahedron.
1. Verify Euler's relation F + V − E = 2 for each one.
1. Identify the pairs of "dual" polyhedra (F of one = V of the other).
1. Which of these polyhedra are commonly found in the crystal sites of minerals? Give examples.
Exercise 4 
1. Define: node, crystal lattice, motif, unit cell, primitive cell.
1. Draw a 2D lattice with a = 3 Å, b = 2 Å, γ = 90°. Place a diatomic motif (A at the node, B at ½ a) and show that crystal = lattice + motif.
1. Write the translation vector T and calculate its modulus for (u, v, w) = (2, 1, 0) in a cubic lattice of parameter a = 4 Å.
1. Why must the unit cell fill the space without leaving gaps?
Exercise 5 
Give the crystal system for each unit cell:
1. a = b = c = 4.20 Å ; α = β = γ = 90°
1. a = b = 3.00 Å, c = 5.00 Å ; α = β = γ = 90°
1. a = 4.90 Å, b = 5.40 Å, c = 6.20 Å ; α = β = γ = 90°
1. a = b = 4.76 Å, c = 12.99 Å ; α = β = 90°, γ = 120°
1. a = b = c = 5.00 Å ; α = β = γ = 75°
1. a = 6.00 Å, b = 7.00 Å, c = 8.00 Å ; α = γ = 90°, β = 105°
1. a = 5.00 Å, b = 6.00 Å, c = 7.00 Å ; α = 80°, β = 85°, γ = 95°
Exercise 6 
1. List the 14 Bravais lattices by crystal system, using the two-letter symbols (first letter = system, second = cell type P, I, F, A/B/C).
1. Explain the meaning of: cF, hP, oC, mP, tI, aP, R.
1. Why is there no tetragonal face-centered (tF) lattice? (Hint: find the equivalent body-centered cell.)
Exercise 7 
1. Define allotropy. Which factors induce a change of crystal structure?
1. Compare diamond and graphite (crystal system, coordination number of carbon, density, hardness, electrical conductivity).
1. Ice has several stable crystalline forms depending on pressure and temperature. Which system does ice I crystallize in?
1. Give the crystal system of the following elements: alkali metals, Au/Ag/Cu/Al, noble gases (Ne, Ar, Kr, Xe), and the Bravais symbol of each.
Exercise 8 
A corner atom is shared by 8 cells, a face atom by 2 and an edge atom by 4.
1. Calculate the multiplicity z (number of atoms per cell) of the simple cubic (cP), body-centered cubic (cI) and face-centered cubic (cF) cells.
1. Which of these lattices are simple and which are complex?
1. Calculate z for the simple hexagonal prism (corners 1/6 for the top and bottom hexagon vertices, face-centered hexagon bases 1/2).
Exercise 9 
1. Give the reduced coordinates of the atoms in the cP, cI and cF cells.
1. Show that all corner atoms are equivalent by translation (T = ua + vb + wc).
1. In the NaCl structure (Cl⁻ in a cF arrangement, Na⁺ in all octahedral sites), give the coordinates of the 4 Cl⁻ and of the 4 Na⁺ ions in the cell.
1. Project the cP and cI cells onto the XY plane (001) and give the projected coordinates.
Exercise 10 
Give the coordination number of each ion, and the geometry of its coordination polyhedron:
1. NaCl (rock salt)
1. CsCl
1. ZnS (blende)
1. CaF₂ (fluorite)
1. BaTiO₃ (perovskite): Ti, Ba and O.
1. Check that the coordination numbers respect the formula (for example, in CaF₂: 8 × 1 = 4 × 2).
Exercise 11 
In a face-centered cubic (cF) lattice of atoms:
1. Give the number and the coordinates of the octahedral sites per cell.
1. Give the number and the coordinates of the tetrahedral sites per cell.
1. Deduce the number of sites of each type per atom of the lattice.
1. In the ZnS (blende) structure, S²⁻ forms a cF lattice and Zn²⁺ occupies half of the tetrahedral sites. Check the formula ZnS.
1. In NaCl, which sites does Na⁺ occupy, and what fraction of them is occupied?
Exercise 12 
[bookmark: _GoBack]Copper crystallizes in the face-centered cubic system with a = 3.615 Å.
1. Calculate the multiplicity z.
1. Calculate the density of copper (g/cm³).
1. Calculate the atomic radius (atoms touch along the face diagonal).
1. Calculate the compactness (packing fraction).
Exercise 13 
Iron (α) crystallizes in the body-centered cubic system with a = 2.866 Å.
1. Calculate the multiplicity z.
1. Calculate the density of iron.
1. Calculate the atomic radius (atoms touch along the main diagonal).
1. Calculate the compactness and compare with that of Cu (Exercise 12).
Exercise 14 
Sodium chloride crystallizes in a face-centered cubic structure with z = 4 formula units per cell. a = 5.64 Å.
1. Calculate the volume of the cell.
1. Calculate the density of NaCl.
1. Knowing that ρ(NaCl) = 2.165 g/cm³, deduce the experimental value of N_A.
1. Ions touch along the edge: calculate the sum r(Na⁺) + r(Cl⁻).
Exercise 15 
For hard spheres of radius r touching each other:
1. Express the lattice parameter a as a function of r for cP, cI and cF.
1. Calculate the compactness C = z·(4/3)πr³ / a³ for each.
1. Rank the three lattices by compactness. Which minerals and metals adopt the most compact structures?
Exercise 16 
1. Draw in a cubic unit cell the directions [100], [010], [001], [110], [111], [1̄10] and [2̄12].
1. Find the direction indices [uvw] of the vector joining the origin to the point (1/2, 1, 0); to the point (1, 1/2, 1/3).
1. Give the notation of the direction passing through the points A (1, 0, 0) and B (0, 1, 1).
1. Explain the difference between [uvw] and the family of directions of the same type.
Exercise 17 
1. A plane intersects the axes Ox, Oy and Oz at a, b/2 and ∞. Find its Miller indices.
1. A plane intersects the axes at 2a, 3b and 6c. Find its Miller indices.
1. A plane intersects the axes at −a, b and c/2. Find its Miller indices.
1. Draw the planes (100), (110), (111), (120) and (210) in a cubic cell.
1. For a cubic lattice, which plane is parallel to the XY plane? To the XZ plane?
1. Verify that the direction [hkl] is perpendicular to the plane (hkl) in the cubic system.
Exercise 18 
Why are four indices (hkil) used instead of three in the hexagonal system?
1. The relation between the indices is i = −(h + k). Convert (110), (101), (211) and (100) into four-index notation.
1. Draw the hexagonal prism and show the plane (10-10) (prism face).
1. Calculate the length of the vector [111] in a hexagonal lattice with a = 3.20 Å and c = 5.20 Å, using the expression in the course.
Exercise 19 
1. A cubic lattice has a = 4.00 Å. Calculate the distance between the points (0, 0, 0) and (1, 1, 1), and between (½, ½, 0) and (0, ½, ½).
1. A tetragonal lattice has a = 3.00 Å and c = 5.00 Å. Calculate the length of the vector [102].
1. A monoclinic lattice has a = 5.00 Å, b = 6.00 Å, c = 7.00 Å and β = 100°. Calculate the length of [101].
1. In a cubic lattice, calculate the angle between the directions [100] and [111], and between [110] and [111].
1. Calculate the angle between [100] and [101] in a tetragonal lattice with a = 3.00 Å and c = 5.00 Å.
Exercise 20 
CsCl has a simple cubic structure with a = 4.12 Å: Cl⁻ at the corners and Cs⁺ at the body center.
1. Give the Bravais symbol and the coordinates of the two ions. Calculate z (formula units per cell).
1. Give the coordination number of each ion and the geometry.
1. Calculate the density of CsCl (M = 168.4 g/mol).
1. Ions touch along the main diagonal: calculate r(Cs⁺) + r(Cl⁻). Given r(Cl⁻) = 1.81 Å, deduce r(Cs⁺) and the ratio r(Cs⁺)/r(Cl⁻).
1. Calculate the compactness of this structure.
1. Why is NaCl (CN 6) different from CsCl (CN 8)?
