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COMPULSORY READINGS

READING HELPS

Reading #1 . % .

YOUR MIND GROW

Complete reference :

Solutions: From Wikipedia, the free encyclopidia
http://en.wikipedia.org/wiki/Solutions

Abstract :

The article addresses most of the relevant concepts in solutions. The differences
between a solution and a heterogenous mixture, the intermolecular forces or
attractions that hold molecules together including solvation, types of solutions, the
effect of temperature and pressure on solubility, and the various concentration units
are discussed. Colligative properties of solutions are briefly explained and the article
provides links for further reference.

Rationale:

This article helps to provide the basis for further reading on the topic of solutions. It givess
useful links to those concepts which are not discussed in detail in the article. Therefore, it is a
useful article to study topics which will be discussed under the unit for solutions.

Reading #2

Complete reference :

Reaction Rate : From Wikipedia, the free encyclopidia
http://en.wikipedia.org/wiki/Reaction_rate

Chemical Equilibrium: http://en.wikipedia.org/wiki/Chemical_equilibrium

Abstract :

The article on reaction rate provides important discussions on the topic itself with
emphasis on the rate equation, and the factors influencing reaction rate,
notably,concentration, temperature, nature of reactants, pressure, and catalyst.




The article on chemical equilibrium focuses on the equilibrium conditions of reversible
reactions. It defines and explains the differences between reversible and irreversible
reactions and the conditions for chemical equilibrium based on LeChateliers principle.

Rationale:

The two links will help you as additional study materials for the unit ‘Reaction Rate
and Equilibrium’ which is covered in this module. The articles in the two links present
relevant and practical examples which will strengthen your conceptual and
computational skills in the topics covered.

Reading #3 - Important

Organic Compounds: Naming and Isomerism
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Solution

From Wikipedia, the free encyclopedia
(Redirected from Solutions)

Dissolving table salt (NaCl)
1n water
Dissolving table salt (NaCl) in

In chemistry, a solution is a homogeneous mixture composed of one or water

more substances, known as solutes, dissolved in another substance,

known as a solvent. A common example is a solid, such as salt or sugar,

dissolved in water, a liquid. Gases may dissolve in liquids, for example, carbon dioxide or oxygen in

This article is about a chemical solution; for other uses of the
term "solution", see solution (disambiguation).

water. Liquids may dissolve in other liquids and gases always mix with other gases [},

Examples of solid solutions are alloys, certain minerals and polymers containing plasticizers. The ability of
one compound to dissolve in another compound is called solubility. The physical properties of compounds
such as melting point and boiling point change when other compounds are added. Together they are called
colligative properties. There are several ways to quantify the amount of one compound dissolved in the
other compounds collectively called concentration. Examples are molality and parts per million (ppm).

Solutions should be distinguished from other non-homogeneous mixtures such as colloids and
suspensions.

Contents

1 Types of solutions
2 Solvents

3 Solvation

4 Ideal solutions

5 See also

6 References

Types of solutions

Many types of solutions exist, as solids, liquids and gases can be both solvent and solute, in any
combination:

Examples of Solute
Gas Liquid Solid
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solutions

Gas Oxygen and other gases in Water vapor in air Iodine sublimates into

nitrogen (air) (humidity) air
Ethanol (common Sucrose (tglble sugar) in
. .. Carbon dioxide in water alcohol) in water; water; sodu;m ch101.‘1de
Liquid . . (table salt) in water; gold
(carbonated water) various hydrocarbons in in mercury. forming an
Solvent each other (petroleum) Y &

amalgam

Hydrogen dissolves rather well
in metals; platinum has been

Solid studied as a storage medium.
This effect was used in the cold
fusion experiments.

Hexane in paraffin wax, Steel, duralumin, other
mercury in gold. metal alloys

Solvents

Solvents can be broadly classified into polar and non-polar solvents. A common measure of the polarity of
a solvent is the dielectric constant. The most widely used polar solvent is water, with a dielectric constant
of 78.5. Ethanol, with a dielectric constant of 24.3, has intermediate polarity. An example of a non-polar
solvent is hexane, which has a dielectric constant of 1.9. Generally polar or ionic compounds will only
dissolve in polar solvents. A simple test for the polarity of a liquid solvent is to rub a plastic rod, to induce
static electricity. Then hold this charged rod close to a running stream of the solvent. If the path of the
solvent deviates when the rod is held close to it, it is a polar solvent. Certain molecules have polar and
non-polar regions, for example sodium dodecyl sulfate. This class of molecules (called amphipathic
molecules) includes surfactants like soaps and emulsifiers, as they have the ability to stabilize emulsions by
aligning themselves on the interface between the non-polar and polar liquids, with their polar ends in the
polar liquid and their non-polar ends in the non-polar liquid.

Solvation

During solvation, especially when the solvent is polar, a structure forms around it, which allows the
solute-solvent interaction to remain stable.

‘When no more of a solute can be dissolved into a solvent, the solution is said to be saturated. However, the
point at which a solution can become saturated changes significantly with different environmental factors,
such as temperature, pressure, and contamination. Raising the solubility (for example by increasing the
temperature) to dissolve more solute, and then lowering the solubility causes a solution to become
supersaturated.

In general the greater the temperature of a solvent, the more of a given solid solute it can dissolve.
However, some compounds exhibit reverse solubility, which means that as a solvent gets warmer, less
solute can be dissolved. Some surfactants exhibit this behaviour. The solubility of liquids in liquids is
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generally less temperature-sensitive than that of solids or gases, while gases usually become less soluble
with increasing temperature.

Ideal solutions

An ideal solution is one where the interactions of the molecules of the solvent with each other are equal to
their interactions with the solutes. The properties of an ideal solution can be calculated by the linear
combination of the properties of its components.

If both solute and solvent exist in equal quantities (such as in a 50% ethanol, 50% water solution), the
concepts of "solute" and "solvent" become less relevant, but the substance that is more often used as a
solvent is normally designated as the solvent (in this example, water).

See also

Molar solution

Percentage solution

Solubility equilibrium

Stock solution

Total dissolved solids is a common term in a range of disciplines, and can have different meanings
depending on the analytical method used. In water quality, it refers to the amount of residue
remaining after evaporation of water from a sample.

References
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Reaction rate

From Wikipedia, the free encyclopedia

Iron rusting - a chemical reaction

'The reaction rate or rate of reaction for a reactant or product in with a slow reaction rate

a particular reaction is intuitively defined as how fast a reaction
takes place. For example the oxidation of iron under the
atmosphere is a slow reaction which can take years, the
combustion of butane in a fire is a reaction that takes place in

Iron rusting - a chemical reaction with a
slow reaction rate.

fractions of a second.' Chemical kinetics is the part of physical Wood burning - a chemical reaction
chemistry that studies reaction rates. The concepts of chemical with a fast reaction rate.
kinetics are applied in many disciplines, such as chemical Wood burning - a chemical reaction with

engineering, enzymology or environmental engineering. a fast reaction rate.

Contents

1 Formal definition of reaction rate
2 Factors influencing rate of reaction
3 Rate Equation

4 Temperature dependence

5 Example

6 See also

7 Notes

8 External links

Formal definition of reaction rate

According to IUPAC's Gold Book definition!!! the reaction rate v (also r or R) for the general chemical
reaction aA + bB — pP + qQ, occurring in a closed system under constant-volume conditions, without an
appreciable build-up of reaction intermediates, is defined as:

v = - \Mrac{1}{a} \frac{d[A]}{dt} = - \frac{1}{b} \frac{d[B]}{dt} = \frac{1}{p} \frac{d[P]}{dt}
=\frac{1}{q} \frac{d[Q]}{dt}

The TUPAC!! recommends that the unit of time should always be the second. In such a case the rate of
reaction differs from the rate of increase of concentration of a product P by a constant factor (the reciprocal
of its stoichiometric number) and for a reactant A by minus the reciprocal of the stoichiometric number.
Reaction rate usually has the units of mol dm™ s°!. ngi salt is important to bear in mind that the previous
definition is only valid for a single reaction, in a closed system of constant volume. This most usually
implicit assumption must be stated explicitly, otherwise the definition is incorrect: If water is added to a pot
containing salty water, the concentration of salt decreases, although there is no chemical reaction.
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For any system in general the full mass balance must be taken into account: IN - OUT + GENERATION
= ACCUMULATION

F_{AO0} - F_A +\int_{0}*{V} r\, dV = \frac{dN_A}{dt}
When applied to the simple case stated previously this equation reduces to: v=\frac{d[A]}{dt}

For a single reaction in a closed system of varying volume the so called rate of conversion can be is used,
in order to avoid handling concentrations. It is defined as the derivative of the extent of reaction with
respect to time.

\dot{\xi} =\frac{d\xi}{dt} =\frac{1}{\nu_i} \frac{dn_i}{dt} = \frac{1}{\nu_i} \left(V\frac{dC_i}{dt} +
C_i\frac{dV }{dt} \right)

\scriptstyle \nu_i is the stoichiometric coefficient for substance i, \scriptstyle V is the volume of reaction
and \scriptstyle C_i is the concentration of substance i.

When side products or reaction intermediates are formed, the [IUPACI!] recommends the use of the terms
rate of appearance and rate of disappearance for products and reactants, respectively.

Factors influencing rate of reaction

There are several factors that affect the rate of reaction:

» Concentration: Reaction rate increases with concentration, as described by the rate law and
explained by collision theory. As reactant concentration increases, the frequency of collision
increases.

» The nature of the reaction: Some reactions are naturally faster than others. The number of reacting
species, their physical state (the particles that form solids move much more slowly than those of
gases or those in solution), the complexity of the reaction and other factors can influence greatly the
rate of a reaction.

n Temperature: Conducting a reaction at a higher temperature delivers more energy into the system
and increases the reaction rate by causing more collisions between particles, as explained by
collision theory. However, the main reason why it increases the rate of reaction is that more of the
colliding particles will have the necessary activation energy resulting in more successful collisions
(when bonds are formed between reactants). The influence of temperature is described by the
Arrhenius equation. As a rule of thumb, reaction rates for many reactions double or triple for every

10 degrees Celsius increase in temperature.[?!

For example, coal burns in a fireplace in the presence of oxygen but it doesn't when it is stored at room
temperature. The reaction is spontaneous at low and high temperatures but at room temperature its rate is
so slow that it is negligible. The increase in temperature, as created by a match, allows the reaction to start
and then it heats itself, because it is exothermic. That is valid for many other fuels, as methane, butane,
hydrogen...

= Solvent. Many reactions take place in solution and the properties of the solvent affect the reaction
rate. The ionic strength as well has an effect on reaction rate.

» Pressure: The rate of gaseous reactions increases with pressure, which is, in fact, equivalent to an
increase in concentration of the gas.

» Electromagnetic Radiation: Electromagnetic radiation is a form of energy so it may speed up the rate
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or even make a reaction spontaneous, as it provides the particles of the reactants with more energy.
This energy is in one way or another stored in the reacting particles (it may break bonds, promote
molecules to electronically or vibrationally excited states...) creating intermediate species that react
easily.

For example when methane reacts with chlorine in the dark, the reaction rate is very slow. It can be
speeded up when the mixture is put under diffused light. In bright sunlight, the reaction is explosive.

» A catalyst. The presence of a catalyst increases the reaction rate (in both the forward and reverse
reactions) by providing an alternative pathway with a lower activation energy.

For example, platinum catalyzes the combustion of hydrogen with oxygen at room temperature.

= [sotopes: The kinetic isotope effect consists in a different reaction rate for the same molecule if it has
different isotopes, usually hydrogen isotopes, because of the mass difference between hydrogen and
deuterium.

» Surface Area: In reactions on surfaces, which take place for example during heterogeneous catalysis,
the rate of reaction increases as the surface area does. That is due to the fact that more particles of the
solid are exposed and can be hit by reactant molecules.

= Order: The order of the reaction controls how the reactant concentration affects reaction rate.

All the factors that affect a reaction rate are taken into account in the rate equation of the reaction.

Rate Equation

For a chemical reaction n A + m B — C + D, the rate equation or rate law is a mathematical expression
used in chemical kinetics to link the rate of a reaction to the concentration of each reactant. It is of the kind:

\r =k(T)[A]{n}[B]*{m'}

In this equation k(T) is the reaction rate coefficient or rate constant, although it is not really a constant,
because it includes all the parameters that affect reaction rate, except for concentration, which is explicitly
taken into account. Of all the parameters described before, temperature is normally the more important one.

The exponents n' and m' are called reaction orders and depend on the reaction mechanism. They sometimes
are the same as the stoichiometric coefficients of A and B, but not necessarily.

Stoichiometry, molecularity (the actual number of molecules colliding) and reaction order only coincide
necessarily in elementary reactions, that is, those reactions that take place in just one step. The reaction
equation for elementary reactions coincides with the process taking place at the atomic level, i.e. n
molecules of type A are colliding with m molecules of type B (n plus m is the molecularity).

For gases the rate law can also be expressed in pressure units using e.g. the ideal gas law.
By combining the rate law with a mass balance for the system in which the reaction occurs, an expression

for the rate of change in concentration can be derived. For a closed system with constant volume such an
expression can look like

\frac{d[C]}{dt} = k(T)[A]*{n'}[B]*{m'}
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Temperature dependence

Each reaction rate coefficient k has a temperature dependency, which is usually given by the Arrhenius
equation:

k=AeM -\frac{E_a}{RT} }

E,, is the activation energy and R is the gas constant. Since at temperature 7 the molecules have energies
given by a Boltzmann distribution, one can expect the number of collisions with energy greater than £ to
be proportional to eA{\frac{-E_a}{RT}}. A is the pre-exponential factor or frequency factor.

The values for A and E, are dependent on the reaction. There are also more complex equations possible,
which describe temperature dependence of other rate constants which do not follow this pattern.

Example

For the reaction

2H_2 (g) + 2 NO(g) \rarr N_2 (g) + 2 H_20 (g)
The rate equation is:

r =k [H_2][NO] 2\,

The rate equation does not simply reflect the reactants stoichiometric coefficients in the overall reaction: it
is first order in H,, although the stoichiometric coefficient is 2 and it is second order in NO.

In chemical kinetics the overall reaction is usually proposed to occur through a number of elementary
steps. Not all of these steps affect the rate of reaction; normally it is only the slowest elementary step that
affect the reation rate. For example, in:

1. 2 NO\\overrightarrow\longleftarrow \ N_20_2 (fast equilibrium)
2. N_20_2 + H_2 \rarr N_20 + H_20 (slow)
3. N_20 + H_2 \rarr N_2 + H_20O (fast)

Reactions 1 and 3 are very rapid compared to the second, so it is the slowest reaction that is reflected in the
rate equation. The slow step is considered the rate determining step. The orders of the rate equation are
those from the rate determining step.

See also

» Steady state approximation
» Collision theory and transition state are chemical theories that attempt to predict and explain reaction
rates.

Notes
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