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Mineral chemistry: Review Dr. Merzouki S.

Chapter |: Review of Some Important Definitions

| .1.The mole:
During the application of chemistry, chemists have to calculate the number of atoms,

ions, or molecules, referred to as chemical units, at the microscopic level, present in the used
samples at the macroscopic level. For example, when we want to buy
sugar, we need to take a package of one kilogram or more; it's
impossible to buy it per piece or unit. Using the same logic (due to the

small size and weight of atoms, molecules, or particles), we determine

the quantity of atoms, molecules, or particles through a package or . W
bundle.

Figure 1: Sugar

Example: the number of iron atoms in a sample with a mass of 3.5 g is

3.8 x 1022 atoms. These large numbers led chemists to invent a new unit to
facilitate calculations, which is the mole. The mole is defined as the number
of entities (atoms, molecules, or particles) in one package, and it is

represented by the symbol 'n'. The unit for the mole is mol. The Avogadro's

number (_#5), which is the number of atoms in 12 grams of carbon-12, is

equal to 6.02 x 10”2 units. Therefore, the amount of substance in a Figure 2: Atomes

chemical sample is the number of moles present in that

sample
N n: the amount of substance
n=_ N:number of unites
AN, : Avogadro number 6,02214.10%3
1.2.MOLAR MASS :

In chemistry, we often need to determine the amount of substance in samples, but we
can't measure it directly. Instead, we calculate it starting from mass (which can be easily

obtained using a balance). The molar mass is the quantity that relates mass to the amount of

substance, symbolized by M, and its unit is grams per mole (g/mol).

m=NXm,,;;
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m=nx g

L.1.2. ATOMIC MASS
The molar mass of an element is the mass of one mole of atoms of that element, taking into

account the masses of its isotopes and their relative abundance in nature, as found in a sample.
Molar mass is specific to each element and can be found in the periodic table. It is expressed in

grams per mole (g/mol).

For example, if we want to calculate the molar mass of carbon (C), we consider the presence of
different isotopes of carbon (such as C-12, C-13, and C-14) and calculate the average atomic
mass based on their natural abundance. The molar mass of carbon is approximately 12.01 g/mol.

These values are crucial because they help convert quantities measured in mass to quantities
measured in moles and vice versa. This is useful in chemistry for various calculations and

determining the amounts needed for chemical reactions.

Name of element - - Izc.sns:nsl | 28.085(1)
. Culvre 2inc Gallium Gemanium
Atomic number 29 30 31 32
. Cu Zn Ga Ge
Atomic symbol s3.5463) | | 6538 || 69.72300 | | 72.630(8)
The mOIar atomic mass Argent C admium Indium Ewain
Isotopes number a7 b 32 20
Ag Ccd In Sn
\Mm 11241408 |114.818010 ] | 118.710(7)
Or Mercure Thallium Plomb
79 80 81 82
Au Hg Tl Pb

196,966569] | 200,552(3) 2043835 207.2(1)

Figure 3: Part of periodic table

Example: Chlorine exists in nature in the form of two isotopes, -**CI (7 =35,
75,77%) % Cl (=35 ; 24, 23%)

=35 % 0,7577 + 37 x 0,2423 = 35,4539 /mol



Mineral chemistry: Review Dr. Merzouki S.

| .2.2. MOLAR MOLECULAR MASS:
The molecular molar mass represents the mass of one mole of molecules. It is equal to

the sum of the atomic molar masses of the elements that constitute the molecule

Exemple:

MH,0)=2x (H)+ (0)=2x1+16=18g/mol

Activity:

The weight of the water in a cup of water is 150 g. Calculate the quantity of substance

as well as the number of water molecules.

m 150
n—ﬁ—K—B,Smol

N=nx¥21=83x6,023.1023 = 5.102*molucules

|.5. MOLAR YOLUME OF GASES:
At a specific temperature and pressure, the molar volume of a gas is not dependent on its

nature but is related to the quantity of substance (n). This is known as Avogadro's Law. The
molar volume is denoted as Vm and is expressed in liters per mole (L/mol)

- For a temperature of 20°C and at atmospheric pressure (1 atm or 1013 hPa), the
molar volume for gases, denoted as Vm, is 24 L/mol (standard conditions for
temperature and pressure).

- For a temperature of 0°C and at atmospheric pressure (1 atm), the molar volume for
gases is Vm = 22.4 L/mol (normal conditions regarding pressure and temperature).

- As the pressure increases or the temperature decreases, the molar volume decreases,

following the principles of the ideal gas law. (PV=nRT)
%

Activity:

1. Calculate the Molar Mass of Methane (CHa).

2. Calculate the Volume Occupied by 13.4 moles of Methane at 0°C and 1013
hPa

3. Calculate the Corresponding Mass.

M= Hcyadl pg= 12+ (4 x 1) = 16g/mol
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V=V,xn=224x%x13,4=30016L

m=nx <7 =134 x16=214,4g

I.3. The fraction or percentage.:
The fraction or percentage is a value used in chemistry or metallurgy to express the
composition of a compound or alloy.

1. The molar fraction x:
xX; = % (the molar percentage (or molar ration) x;(%) = % x 100)
t t

2. The mass fraction P:

P; = —* (mass percentage (or mass ratio)P;% =~ x 100)
t t
3. Volume fraction ¢ :

Q; = Z—z (Volume ration @;% = Z—Z x 100)

Activity:
The solution of clogged pipes contains 10% by mass of sodium hydroxide (NaOH)
solution. Calculate the mass present in 1 liter of sodium hydroxide solution with a mass
of 1220 g.

P()/—miX100—> _Pl-xmt_10><1220_122
- o MiTT900 ~ 100 = B

4. The relation between the molar fraction and the mass fraction:
o ™oy T g
CoNimg S MAG Zipimi/g;?;

_ o
Zipi/ Mz

Xi

i

I .4.the density and specific gravity:

| .1.4.density:
Density or Volumetric mass, or mass-to-volume ratio, is the proportion of the mass (m)

of a given sample to its volume (V). It represents the mass per unit volume occupied by the
substance (at specific temperature and pressure).
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p= % (kg/m3,Kg/L ou g/cm3..)

1.4.2. specific gravity:
A. Density of solid and liquid materials with respect to water:
It is determined by comparing a certain mass of the substance with the mass of the
same volume of water.
_ Msample _ Psample X |4 _ Psample

d= (no unit)
Mygter Pwater XV Pwater

=1kg/L

Pwater
B. Density of gases with respect to air:
Air and gases are taken under the same conditions of temperature and pressure.
Pgaz
Pair
In normal conditions (T=0°C et P=101325 Pa)

d=

(Pair = 1,293g/L)

m.:
Pair = Mair _ mr/n air
A= Yy = Ve Vm

air

Hoir = Pair X Vin = 1,293 X 22,4 = 29g/mol
H i = 29g/mol

m
gas
_pgas_ /V_mgas_

- - m.,; - - m.,;
Pair alr/V Mmy;r alr/n

m
gas /Tl

d

d = ﬂﬂ _J;gﬂ

mp air 29

activity:
calculate the volumetric mass of the given substances:

1. Kerosene (Liquid Fuel) with a specific gravity of 0.78.

2. Concrete with a specific gravity of 2.5

3. Carbon Dioxide with a density of 1.53 at 0 degrees Celsius
1

d = Poubstance —, Prerosene = d X Pyater = 0,78 X1 =0,78Kg/L

Pwater

2. Pconcrete = A X Pyater = 2,5%x1=2,5Kg/L

12+2.16
3. Pco, = X Pair = —2 X paiy = 22 x 1,293 = 1,962 /L

E
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|_.5.THE MATERIAL BALANCE:

The material balance is a concept in chemistry and chemical engineering that involves
accounting for the mass of substances during a chemical reaction or a process. It is based on
the principle of conservation of mass, which states that mass is neither created nor destroyed

in a chemical reaction; it is merely rearranged.

In practical terms, a material balance involves tracking the quantities of reactants and
products involved in a chemical process. This is often done through chemical equations,
where the coefficients represent the stoichiometry of the reaction. The goal is to ensure that

the total mass of the reactants equals the total mass of the products.

Material balances are essential in various fields, including chemical engineering,
environmental science, and analytical chemistry. They help in designing and optimizing
chemical processes, understanding reaction kinetics, and assessing the efficiency of a given

reaction or system.
aA+ bB & cC+dD

|AnA| _ |AnB| _ Anc _ AnD
a b ¢ d

Therefore, the change in each quantity of substance for the reactants can be expressed
in terms of a quantity called the reaction progress, represented by x, and expressed in moles

(mol), as follows:n; = n;q + v;x (v; stoichiometry coef ficient )

In order to perform the molar balance, it is necessary to create a table (progress table)
containing the progress of the consumed reactant quantities and the quantities of the products
formed during three states.

Chemical equation aA + bB & ¢C dD
t=0 NAo NBo 0 0
t Nao-aX Ngo-bx Cx dx
Tmax NAo-8Xmax | NBo-DXmax | CXmax | OXmax

We say that the transformation is:

e Complete when at least one of the reactants (limiting reactant) disappears entirely;

the other reactants may still be present in the final state (excess reactant).
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e Maximal: When the final progress is less than the maximum progress, the
transformation is classified as incomplete.
e Under stoichiometric conditions: When all reactants disappear completely.
e Most chemical reactions are not complete, and this is referred to as a state of
equilibrium, characterized by the equilibrium constant.

if K <10~* weak reaction
if 107* < K < 10* reaction in equilibrium state
if K> 10% complete reaction

_ [al%[B]P
"~ [cl¢[p]d

.5.1. THE RATIO PROGRESS

The final progress rate, denoted by 1, is equal to the ratio of the final progress to the

maximum progress:

7= Xfinal {non complet reaction,0 <t<1
" Xmaximal complet reaction,t = 1
The ratio progress is:
Xfinal non complete reaction,0 < 7% < 100
o6 = L2 100{ P . /0
Xmax complete reaction,t = 100

% In case of complete reaction:

nlimiting reactant
coefficient of limitant reactant

Xmax = = Xfinal

% In case of non-complete reaction
Experimental parameters, such as pH, concentration, absorption, determine the final

progress empirically

.5.2. CONVERSION RATE:
The conversion rate of reactant A is equal to the ratio of the number of moles of A reacted

during the chemical reaction to the initial number of moles of A (Ao) present. Therefore, we

can write

The conversion percentage:

_MNjp— Ny
X1% =——"x100
Nio
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.5.3. REACTION YIELD
The chemical reaction yield is the ratio of the actual amount of the obtained product to the

maximum amount of that product if all reactants were converted to products.

R% = Actual quantity of the product
- Maximum quantity

x 100

Activity:

What is the material balance for the following reaction, as well as the percentage of progress,

conversion, and yield?

Ngag = 1073mol
249 (1q) + Cugs) = Culygy + 2495 {noc 4103 mol
Cu — &

The obtained mass of silver is equal to 0.067 g

reaction 28g0ug) + Cuy = Culyyy + 249
to 10 4.10°% 0 0
t 1073.2x 4.10°x X 2X
t max 102 2Xmax | 4. 103 Xmax | Xmax | 2Xmax
m 0,067 D
Mg =31 = 107 g7 = & 21 107*mol = 2xgna
6,21.107* »
Xfinat = ————— = 3,11.10~*mol

For tfinal:
[Ag*] =103 —6,21.107* = 3,79.10 *mol
Ney = 4..1073 = 3,11.107* = 3,689 10 3mol
[Cu*?] = 3,11.10 *mol
Progress ratio

First, we have to find the limiting reactant:

-3
L AGH1073 = 2pmags = 0 =>, Xynas = 22— = 5.10"*mol
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2. Cu4.1073 — Xpax2 = 0 => X002 = 4.1073 mol

the limiting reactant is Ag+<= X;gx1 < Xmax,2

Xfi 3,11..107*
r:%x 100:WX100: 62,1%
max '

The conversion ratio
1. silver

Nnjo—n; 1073 -3,79.107*
X4g+% = ———x 100 =

n;o 103

X100 =62,1%

2. cupper

Nijg—N; 4, 10_3 — 3,689 10_3
Xt = —2 L% 100 =

X100 =17,779
nilo 4, 10_3 %

3. the reaction yield

_6,21.107

o = 62.1%



