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Chemical Reactions

Why do atoms cluster?

The attraction which keeps atoms united one to each other to form a molecule is
called chemical bond. The atoms place themselves in the molecule so that the energy
of the entity is minimal.

As the noble gases have very little tendency to form compounds they exist as
monoatomic molecules. Their atoms have eight electrons in their outermost electron
shell (except for helium, which has two). Because of this electronic structure the noble
elements do seldom react to form compounds. In 1916 Kossel and Lewis stated that
this configuration was so stable that the rest of the elements would lose, gain or share
electrons in order to achieve the same electronic structure of the noble gas closest to
them in the Periodic Table. This is the “octet rule”.

Atoms that loose or gain electrons become charged, and are called ions. An atom that
loses electrons becoming positively charged is called a positive ion or cation. And an
atom that gains electrons having as a result an excess of negative electrical charge is
called a negative ion or anion.

When magnesium, for instance, loses two electrons it obtains the same electronic
configuration as neon. If it is an oxygen atom gains two electrons, this reaches the
same electronic configuration as neon.

» In the formation of a compound, the atoms tend to lose, gain or share
electrons in order to have eight electrons in their last electron shell, this is,
to complete their “octet”.

This rule is very useful in simple cases but it cannot be considered a general law as it
fails in some cases.

> Oxygen atoms have six electrons in its outermost electron shell.
a) Try to tell if it has the tendency to gain two electrons or lose six.
b) What is the formula of the most frequent oxygen ion?

P If the calcium atom has the atomic number Z = 20, tell how many protons and
electrons the ion Ca?* will have.
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What is a chemical reaction?

A chemical reaction describes chemical changes. Chemical reactions are represented
by chemical formulas.

C+ 02> CO; ( € That is a chemical equation )

Reactants 2 Product

In a chemical reaction the starting materials are the reactants and the new substances
formed are the products.

Reagents and reactants: A reagent is a substance that reacts with different
substances. A reactant is a substance that is taking part in a specific reaction.

A chemical reaction is represented by a chemical equation: A chemical equation is the
expression that shows the chemical formulas of reactants and products.

e A chemical reaction involves a change in the atomic bonds forming the initial
substances (reactants), to give different ones (products).

The French chemist Antoine Laurent de Lavoisier (1743-1794) carried out a great
amount of experiments with different chemical reactions, where he measured the
mass of all the components of a reaction; that is the mass of the reactants as well as
the mass of the products. From the results of his experiments he stated the following
law known as the law of conservation of mass.

e The law of conservation of mass states that in a chemical reaction mass is
conserved. That is to say that the total mass of the reactants equals the total mass
of the products or that the number of atoms at the beginning and the end has to
be the same.

When writing a chemical equation, as mass is conserved during a chemical reaction, it
is very important that the equation is balanced. An equation is balanced when we have
same number of atoms of each element on both sides of the arrow.

Ex: Hz + 02 9 Hzo



Unit 5. Chemical Reactions Colegio de San Francisco de Paula
(2018 — 2019) Natural Science

e This is the reaction between hydrogen and oxygen to give water. However, it is
not balanced, as there is not the same number of atoms of each element on
both sides of the arrow.

e Asthere are 2 atoms of H on each side of the arrow, the H is balanced. But
there are 2 atoms of O to the left of the arrow and only 1 atom of O to the right
of the arrow. In order to balance the equation, we must add the number 2 to
the water molecule (to the right of the arrow).

H2+Oz 9 2H20

® The number we have added is now multiplying the entire chemical formula and

it is called the stoichiometric coefficient.

e We now have 2 atoms of O on both sides of the arrow, but as a result the
balance of H has been upset. We now have 4 atoms of H to the right of the
arrow and only 2 atoms to the left.

e In order to balance the equation now we need to add a stoichiometric
coefficient 2 to the Hz on the left hand side.

2H2+029 2H20

The equation is now balanced. Just count the number or atoms of each element on
each side of the arrow in order to verify.

The stoichiometric coefficients in the chemical equations allow us to make statements
such as:

» Two moles of H,0 are produced for every two moles of H, consumed.

» Two moles of H,0 are produced form every one mole of O, consumed.

» Tow moles of H, are consumed for every one mole of O, consumed.

We can turn such statements into conversion factors called stoichiometric factors. A
stoichiometric factor relates the amounts on a mole basis of any two substances
involved in a chemical reaction, thus a stoichiometric factor is a mole ratio.

ACTIVITIES:

1. Balance the equations below:

a) N2 + H, 2> NH3
n _ KCIOs > KCI + 02
0) NaCl + F, - NaF + Cl
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d) K+ MgBr; 2> KBr + Mg

2. Given the following chemical reaction:
Potassium chlorate (s) = Potassium chloride + O (g)
Atomic masses: H:1; K:39; Cl: 35.5; O0:16

a) Write the balanced chemical equation.
b) Prove the law of conservation of mass.
c) How many moles of potassium chlorate are consumed?

3. Given the following chemical reaction:
Sodium (s)+ Oz (g)—> Sodium oxide (s)
Atomic masses: Na: 23; O:16

a) Write the balanced chemical equation.
b) How many moles of sodium oxide are produced?
¢) How many grams of sodium are consumed?

4. Given the following chemical reaction:
Copper (s)+ Cl» (g)-> copper(ll) chloride (s)
Atomic masses: Cu: 63.5; CI:35.5

a) Write the balanced chemical equation.

b) Prove the law of conservation of mass.

c) How many moles of copper and chlorine gas are consumed?
d) How many grams of chlorine gas are consumed?

e) How many particles of copper(ll) chloride are produced?

TYPES OF REACTIONS

There are many chemical reactions, however, they can be classify into four general
types: synthesis, decomposition, single replacement and double replacement
reactions.

Synthesis or Combination Reaction

In a synthesis reaction two or more simple substances combine to form a more
complex substance: Two or more reactants and only one product.

Ex: 2H2 + O - 2 H,0
2 Reactants > 1 product
Decomposition Reaction
In a decomposition reaction one complex substance breaks down into its more simple

parts. This is the opposite of a synthesis reaction. One reactant yields two or more
products.
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Ex: 2 H,O 2>2H, +0,

1reactant —> 2 products

Single replacement reaction

In a single replacement reaction an uncombined element replaces another in a
compound. Two reactants yield two products.

Ex: 2 HCl + Zn = ZnCl; + H;
2 reactants > 2 products

Double replacement reaction

In a double replacement reaction two elements forming part of two different
compounds switch places to form a new compound. Two reactants yield two products.

Ex: HCl + NaOH - NaCl + H,0

2 reactants - 2 products

How fast or slow does a reaction go?

Some reactions are very fast, taking less than a second, while others take up to
hundreds of years. Sometimes is important to know exactly how fast a reaction is
going. That is to say we need to know the rate of a reaction.

e Rate is a measure of how slow or how fast a reaction goes. In chemistry, when
we talk about the rate of a reaction we are referring to the speed at which the
reaction happens.

When studying reaction rates we should take into account the collision theory. This
theory says that combination of the molecules occur when they collide. Therefore, the
more collisions take place in a system the more likely combinations of molecules will
happen.

When we introduce the time as a factor the expression modifies by stating that the
higher the amount of collisions per unit of time, the greater the number of
combinations of molecules, and therefore the faster the reaction will take place. As a
result a higher rate of reaction will be observed.

But how do we measure the rate of a chemical reaction?
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As a general rule to find out the speed of a reaction you measure the amount of a
reactant used up per unit of time, or the amount of a product formed per unit of time.
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There are different factors that affect the speed or rate of a reaction: concentration,
temperature and pressure.

Concentration: as you increase the concentration of the reactants, you increase the
speed of reaction. The more substance you have the greater the chance of collisions
and therefore the faster the reaction will go. At higher concentration of reactants,
higher reaction rate.

Temperature: changing the temperature of the reactants will change the rate of
reaction. As you increase the temperature of a system, the molecules will bounce
around faster as they now have a larger kinetic energy. The more they bounce the
greater the chance of collisions with the minimum necessary energy and, therefore,
the greater the chance of combining. Therefore, the rate of the reaction will increase
as well. When the temperature increases by 10 2C the rate approximately doubles. On
the other hand, if you lower the temperature of a system, its molecules will slow
down, and collide less and with less energy. The combination of molecules will as well
slow down and so will the rate of reaction.

Pressure: a change in pressure also affects the rate of a chemical reaction, particularly
when dealing with gases. As you increase the pressure the molecules have less space,
becoming more concentrated. That greater concentration increases the chance of
collisions and therefore the reaction will speed up. Increasing the pressure will result
in a higher rate of reaction. On the other hand, as you decrease the pressure, the
molecules will not collide into each other as often and the rate of the chemical
reaction will decrease.

Surface area: the greater the surface area, the greater the chance of particles colliding
with each other and therefore, the greater the combinations. Increasing the surface
area will increase the rate of a reaction. The surface area of a reactant will be greater
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as it is broken up into smaller parts. That is why reactions are carried out in solutions,
or if in solid state, pulverized.

The use of a Catalyst can greatly increase the rate of a chemical reaction. A catalyst is
substance that changes the rate of a chemical reaction without getting involved in the
reaction. A catalyst remains chemically unchanged. /n the presence of a catalyst the
collisions between molecules will need less energy. Catalysts are very important in
industry since they allow chemical reactions to go fast even at low temperatures;
saving fuel and money. You will study catalysts in much more detail in upper courses.

Activities:

1. Given the following chemical reaction:
Magnesium + Hydrochloric acid - Magnesium Chloride + Hydrogen gas

a) Which are the reactants and the products of the reaction?
b) Write the balanced chemical equation.
c) What type of chemical reaction is it?

2. Write and balance the following chemical reactions:

d) Hydrochloric acid (aqg) + sodium hydroxide (aq) = sodium chloride + water
e) Iron(ll) oxide + carbon(s) =>Iron(s) + carbon(1V) oxide

3. Given the following chemical reaction:
Methane + Oxygen (g) > Carbon dioxide + water

a) Write the balanced chemical equation.
b) How many moles of oxygen would we need to produce two moles of carbon
dioxide?

4. In the following reaction, 200 g of Al react with HCI.
Atomic masses: Cl: 35.5; Al: 27

__HCl+__Al> __ AlCl+ Ha(g)

a) Balance the chemical equation
b) Determine the moles of hydrochloric acid consumed
b) Calculate the grams of AICIz produced

5. Nitric acid reacts with 100 g of copper producing cupric nitrate and giving off
hydrogen gas. Determine: a) The grams of copper consumed; b) the moles of
salt produced. Atomic masses: N: 14; O: 16; Cu: 63.5



