Chemistry01
CHAPTER I: BASIC CONCEPTS
1. INTRODUCTION
Matter is anything that possesses mass and occupies space. All objects - air, water, oil, etc. - are matter, or bodies. These bodies can exist in different forms, called physical states: they can be solid, liquid or gaseous, depending on the degree of cohesion of the molecules that make them up.
2. HISTORY OF THE ATOM
Since ancient times, the problem of the nature (aspect) of matter has been posed: is it continuous or discontinuous?
-5 th century B.C. (Greece) Democritus imagines that matter is made up of small, indivisible and inseparable particles, which he calls "atoms".
-4 th century BC (Greece) Aristotle asserts that matter is made up of 4 elements (fire, air, earth and water). This theory prevailed for almost 20 centuries!  
-In 1805, John Dalthon (England) revived the idea of atoms to explain proportions.
J.J.THOMSON '1897 (U.K.) proves that some rays are made up of negatively-charged particles known as electrons. He measured the m/e ratio and gave the first model of the atom (The atom would be a positively-charged "paste" containing negatively-charged grains (electrons).).
-In 1910, Rutherford formulated a new theory on the structure of the atom. According to him, the atom has a lacunar structure, a central spherical nucleus (dense and compact) with a diameter of the order of 10-14 m, made up of particles with  (+)charges: protons. Around the nucleus gravitate particles with  (-) charges: electrons, giving the atom a diameter of the order of 10-10 m (planetary model). Later, physicist J. Chadwick (1932) confirmed the existence of a third particle: the neutron, with its neutral charge.  
-In 1913, Bohr proposed a layered atomic model to explain the hydrogen spectrum.
-In 1925, SCHRODINGER, HEISENBERG and DE BROGLIE invented (formulated) the theory of quantum mechanics. This theory establishes that electrons have no definite orbit, but makes it possible to determine their "probability of presence" around the nucleus.
3. REMINDER OF THE ATOMIC MODEL
3.1 Composition of the atom 
     Matter is made up of atoms, themselves consisting of a nucleus surrounded by an electron cloud (figure 1. and table 1.). The central spherical nucleus is made up of A nucleons, divided into : Z protons (charge q = + e; mass mp) and N neutrons (charge q = 0; mass mn).
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                               Fig I.1. Vue schématique de la structure de la matière
  The electron cloud of a neutral atom is made up of Z electrons (charge q=-e; me<<mp and mn). The elementary charge, in coulomb, is e = 1.602×10-19 C.
Table I.1. Characteristics of some of the particles that make up matter.
	Particles
	Charge
	Masse

	Neutron
Proton
Electron

	0
+e
-e
	mn= 1.6749 .10-27 kg mp=1.6726 .10-27 kg me=9.1095 .10-31 kg



3.2. Chemical element : is made up of all the atoms in the same category, all with the same chemical properties (the element carbon, symbol C).
3.3. Nuclide : is the set of nuclei all having the same composition, i.e. the same number of protons and neutrons, and therefore a given Z and N or A. A nuclide is represented by the symbol:  
It is defined by :         Z: atomic number ⇒ number of protons
                                   A: mass number ⇒ number of nucleons
A = Z + N  Hence the number of neutrons: N = A - Z 
    Nuclides with the same number of protons (same Z) correspond to the same element. They have the same name. Example: Magnesium: :  
    Nuclides with the same number of protons (same Z) correspond to the same element. They have the same name. Example: Magnesium: (_12^24)Mg ,(_12^25)Mg,(_12^26)Mg
I.4 Isotopes : are nuclides that have the same Z (same number of protons) but different A (different number of neutrons).
   (99.985 %),    (0.015%) et   (traces) are isotopes.   
	Isobar nuclides are nuclides that have the same A (same number of nucleons) but different  of Z (different number of protons). 
Example: Carbon and nitrogen are isobars.
	Isoton nuclides are nuclides with the same N (same number of neutrons) but different Z (different number of protons).
Example: Carbon et nitrogen .
I.5 molecule: The molecule is the smallest chemical unit of an element or compound. It is made up of identical (Cl2) or different atoms chemically bonded together (H2O).
I.6 Supramolecule :   A supramolecule is a structure with a well-defined geometry, assembled from several molecules linked together by weak bonds. Its properties are not those of its separate constituents (proteins, enzymes, etc.). 

4. UNITS OF QUANTITY OF MATTER 
4.1. AVOGADRO number: This number expresses the number of atoms present in 12 g of carbon 12 (Ɲ=6.023 1023). This constant has been measured by a wide variety of experimental methods. 
4.2 Mole : (unit of measure) : The mole is the quantity of matter of a system containing Ɲ identical entities. It is also defined as the number of carbon 12 atoms contained in 12 g of carbon 12. A mole of atoms corresponds to 6.023 1023 atoms, a mole of electrons corresponds to 6.023 1023 electrons. 
4.3. Atomic molar mass: This is the mass of one mole of atom (i.e. the mass of Ɲ atoms). 
4.4. Gram atom: The gram atom of an element is the atomic mass of that element expressed in grams (g). 
Exp: one molecule-gram of water represents 18g of water.                                                                                      
      -One atom-gram of Fe represents 56g of  Fe.
4.5. The "uma" atomic mass unit
     The atomic mass unit, "uma" or "u" This convention is established to avoid very low values for the masses of microscopic particles in calculations and reasoning.  One atomic mass unit is defined as the mass of 1/12 of the carbon 12 atom.
1 u    	                                   1/12    atom of  C
12g (1 mole)   	                            N      atom of  C
1 u= .12g.  =g   (1/6.023.1023)                1 u= 1.66.10-24 g
Exp : me=0.000548 u, mp=1.00728 u
4.6. Molecular mass 
 This is the mass of a mole of molecules. It is equal to the sum of the molar masses of the atoms making up the molecule. 
4.7. Average atomic mass of an element: mass of this element in a.m.u., taking its isotopes into account.
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τ1, τ2, ... τn % (abundance of different isotopes of the element) and M1, M2, ... Mn their respective atomic masses
Exp: natural chlorine contains 75% of the isotope Cl (35) and 25% of the isotope Cl (37).
The average atomic mass is: M = (35 x 75) + (37 x 25) /100= 35.5 u
4.8. Molar volume 
     This is the volume occupied by one mole of substance in the gaseous state. Under Normal Pressure and Temperature conditions (P= 1Atm, T=0°C=273K), one mole of gaseous substance occupies a volume of 22.4L. (PV =n RT) 
4.9. Density or specific mass  
The density of a body is its mass per unit volume.


Exp:
If a substance has a mass of 4000 g and a volume of 500 dm3 then m = 4kg.                    V = 500 dm3 this volume must be converted into cubic meters: V = 0.5 m3

ρ = 4/0.5 ⇒ ρ = 8 kg.m-3 or ρ = 0.08 g.cm-3             
4.11. Density
Solid -Liquid: The density of a solid or liquid body in relation to water is the ratio of the mass of a certain volume of this body to the mass of the same volume of water.

 =  =
Gas: The density of a gas in relation to air is the ratio of the mass of a certain volume of this gas to the mass of the same volume of air under the same conditions of Temperature and Pressure.

5. SOLUTIONS IN CHEMISTRY  
In a solution, the majority component is called the solvent (e.g. water + salt => the solvent is water), and the dissolved substances are the solutes (salt).   
5.1. Molar concentration (Molarity)

5.2. Normality) (N)

The number of gram equivalents (Z) of solute per liter of solution. (N = C.Z)
Example:
*HCl (Z=1, therefore C=N), H2SO4 (Z=2, therefore C = N/2)   
5.3. Dilution  
 We dilute the solute (reduce its concentration) by adding solvent. After dilution, the quantity of solute is the same. 
6. STATE OF MATTER   
 Matter exists in three different states:
a. Solid state: These are rigid bodies that retain a specific volume and shape; they are incompressible.   
b. Liquid state: Liquids are a fluid state. They are deformable and take on the form of the container in which they are held.
c. Gaseous state: Gases occupy all the space available to them, are compressible and expand easily.
Plasma state: In this state, the atomic model is non-existent.


                                     Fig I.2. Main changes of state of matter
7. CLASSIFICATION OF MATTER  
a- pure Simple bodies: made up of molecules with identical atoms. They are indecomposable by separation processes (e.g. Fe, O2, etc.). 
b- pure  Complex bodies: these are bodies made up of molecules with different atoms. They can be broken down into other bodies by separation processes (e.g. H2O, H2SO4, HCl.....etc).
- Mixtures 
 A mixture is a substance composed of different molecules (e.g. NaCl+water, oil +water). Mixtures can be divided into two categories:
a. Heterogeneous mixtures: These are mixtures in which we can distinguish, with the naked eye or with the aid of magnifying instruments, the particles of the bodies that make them up. These are mixtures made up of more than one phase.  Exp: oil + water + vinaigrette   
b. Homogeneous mixtures These are mixtures in which we cannot distinguish the particles of the substances that make them up. These are mixtures made up of a single phase.


- Methods for separating mixtures
Sieving, Dissolution, Filtration, Decantation, Distillation, Crystallization......etc.
- Weight laws
The weight laws of chemistry, i.e. the laws relating to weights and consequently to masses, are born of the macroscopic observation of matter.
1) Law of conservation of matter (Lavoisier 1774)
The total mass of products formed is equal to the total mass of reagents consumed. 
(Mass balance study).
2) Law of definite proportions (Proust 1805)
When simple bodies combine to form a defined compound, the ratio between the masses of each reagent consumed in the chemical reaction is constant.
3) Law of multiple proportions (Dalton 1808)
When two simple bodies can form several compounds, the masses of one of the constituents uniting with the same mass of the other are always in integer ratios.
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