HONORS CHEMISTRY

          Mr. Rivas

PHASES OF MATTER
States of matter

The most common state of the matter in the universe is plasma. Matter in the stars is in the plasma state. In our planet we have three common states of matter: Solid, liquid, and gas. In the solid state the particles that make up a substance are in constant vibration in a fixed position. In the liquid state, the particles are free to slide pass each other but remain connected. When enough energy is added to a substance the particles can separate from each other and move freely. They have reached the gas state. If enough energy is added to a gas the atoms that make up the molecules separate and eventually the electrons and the nuclei of the individual atoms also separate. They have reached the plasma state.


Pressure

We need to refresh our concept of pressure. As you know, pressure is simply the force divided by the area. The force is measured in newtons and the area in squared meters.
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     The SI unit of pressure is the pascal.    
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Example 1

A force of 360N is applied to a 0.25m2 surface. Determine the pressure exerted on the surface.
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Since the pressure varies with the area, an object sitting on the ground can exert different pressure depending on how it is positioned. 

Example 2

Two identical books are shown below placed on a table. Both have a weight of 32 N. Their smallest area is equal to 0.006 m2 and their largest area is 0.015m2. In which case will the book exert a larger pressure on the table: case A or case B? 



         CASE A                                     CASE B
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Given the pressure and the area, the force can be computed using 


[image: image6.wmf]A

P

F

´

=


Example 3

What would be the resulting force if a pressure of 550 kPa is applied to an area of 1.4 m2?

F = P x A = 550000 Pa x 1.4 = 770,000 N

Example 4

If the pressure exerted by the gas in the figure below is 551.43 kPa and the diameter of the cylinder in the piston is 5 cm, determine the force being applied on the piston. 
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radius of the piston is 5cm/2 = 2.5 cm = 0.025 m

A = area = πr2 = πּ(0.025)2 = 0.00196 m2  

F = A x P = 0.00196 m2 x 551,430 Pa = 1083 N

Common Units of Pressure:

atmosphere     
1 atm = 101325 Pa = 101.325 kPa

millimiter of mercury  760 mmHg = 101.325 kPa

pound/square inch
14.7 psi = 101.325 kPa

bar


1 bar = 100 kPa

inches of mercury
29.92 inHg = 101.325 kPa
Atmospheric Pressure

As we saw in example 2 above, the weight of an object (the book) can cause pressure. In the same manner the weight of a liquid in a container causes pressure on the walls of the container. The pressure in a liquid increases with depth. 

The pressure inside a fluid is given by:

P = ρgh  

where: 
ρ is the density in kg/m3, 

g is the acceleration of gravity (9.8 m/s2)

h is the depth in the fluid

Example 5

Find the pressure at the bottom of a 2.5-m deep pool.

(the density of water is 1000kg/m3)

P = ρgh  = (1000 x 9.8 x 2.5) = 24,500 Pa
The pressure in a liquid is the same in all direction at the same depth. The pressure of a gas enclosed in a container is the same everywhere inside the container.

The weight of the mass of air above the Earth exerts a pressure, at sea level, of one atmosphere (101.325 kPa) . The atmospheric pressure decreases with the altitude. In Denver (one mile above sea level) the atmospheric pressure is lower than in LA (sea level). 
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In the following graph you can see how the pressure varies with the altitude (1 atm = 29.92 inHg)
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Barometer

Evangelista Torricelli developed the first barometer in 1644. Following the advice of Galileo Galilei, he used mercury to measure the atmospheric pressure. He filled a 120-cm long glass tube closed at one end, with mercury and inverted it into a pool of mercury. Some of the mercury escaped from the tube and the mercury lowered to a height of 760 mm forming vacuum at the top. He repeated the experiment many time with the same result. He understood that the weight of the column of mercury was balanced by the atmospheric pressure. Torricelli also understood that the variation of the mercury height from day to day was caused by the variation of the atmospheric pressure. In his honor the unit of pressure: millimeter of mercury (mmHg) has been renamed the torricelli (Torr).

                                                                   Vacuum
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Manometer

To measure the pressure of a confined gas we used the manometer. There are two types of manometers: The open manometer and the closed manometer. 

The closed manometer is a U tube with one end connected to the gas and the other end (the closed one) connected to  vacuum. The advantage of the closed manometer is that it allows the direct reading of an enclosed gas pressure.
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The open manometer is similar to the closed one. In the open manometer one end is connected to the gas and the other one is left open to the atmospheric pressure.

If the pressure of the gas is greater than the atmospheric pressure, the mercury at the end connected to the gas will be lower than the one connected to the atmosphere. In the following example, we can  compute the pressure of the gas as follows:
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If the pressure of the gas is lower than the atmospheric pressure, the mercury at the end connected to the gas will be higher than the one connected to the atmosphere. In the following example, we can  compute the pressure of the gas as follows:
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Example: A neon gas sample is placed in a container connected to a manometer. The column of mercury is 8 cm higher on the side connected to the gas. If the atmospheric pressure is 650 mmHg, what is the pressure of the gas?
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Exercise: Determine the pressure of the gas in the container. Assume that the atmospheric pressure is 1.02 atmospheres.
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Review: Temperature

There are three main temperatures scales that we will use in our study of gases: Celsius (previously known as Centigrade), Fahrenheit, and Kelvin. As we previously discussed, the temperature is simply a measurement of the kinetic energy of the particles in a substance. The higher the kinetic energy the higher the temperature is. The Celsius and Fahrenheit scales are based on arbitrary levels of reference, whereas the Kelvin scale is directly related to the kinetic energy of the particles. Zero Kelvin means absence of kinetic energy. This explains why it is impossible to have a temperature lower than zero Kelvin. When solving gas problems, we must always use the absolute temperature, meaning the Kelvin scale.

The following graph shows the different temperature scales and their levels of reference. 
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The following formulas will be helpful when working with gas problems:
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Boiling

The boiling point (BP) is defined as the temperature at which a substance rapidly changes between liquid phase and gas phase at a given pressure. Pressure affects the BP of all substances. The BP of water is 100ºC at standard pressure (1 atm). At this temperature bubbles of gas are formed inside the liquid water. This is the normal pressure at sea level. At higher altitudes, the BP is lower. 

Melting

The melting point (MP) and freezing point (FP) refer to the temperature at which a substance changes between solid and liquid phase. The MP and FP refer to the same temperature. This temperature is also dependent on the pressure. The normal MP refer to the MP at a pressure of 1 atm. The normal MP of water is 0ºC.

Some substances do not have a MP or BP because they decompose before melting. Example heating sugar decomposes into carbon and water. 

Forces acting among the particles that make up a substance prevent it from melting or boiling. These forces are called intermolecular forces. The stronger these forces are, the higher the MP and BP of the substance. The strongest of the intermolecular forces among water molecules are the “hydrogen bonds”. These “bonds” are formed due to the polar nature of the water molecules. See following figure.
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These intermolecular forces cause that when a substance is heated the temperature does not increase in a continuous manner. 
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During the change of phase between solid and liquid the energy absorbed by the water is spent in breaking the “hydrogen bonds” between the water molecules that make up the ice crystal. Similarly, energy is absorbed to break up the remaining hydrogen bonds in liquid water to transition from liquid to gas phase. 

Kinetic Molecular Theory

A model has been developed that explains the gas laws. This model is the Kinetic Molecular Theory (KMT). The KMT includes the following postulates (statement assumed to be true unless proven otherwise):

1. Gases are comprised of very small particles with a mass.

    Explains why we can not see the gas particles and why

    a basketball is heavier when filled with air.

2. Gas particles are far apart from each other (The volume of the 

    particles is negligible compared to the volume of the container)

    Explains why gases are compressible.

3. Gas particles are in fast and constant random motion (straight line 

    motion until a collision occurs)

    Explains why gases occupy entirely, the container in which they

    are placed and why gases effuse among themselves.
4. Collisions of gas particles are perfectly elastic (no loss of energy).

    Explains how a gas exerts pressure. When the particles collide

    with the walls of the container, they exert a force on the walls. 

    The pressure remains constant.
5. The average kinetic energy of the gas particles is directly 

    proportional to the temperature of the gas.

    Explains why a hotter gas exerts greater pressure. As the 

    temperature increases the gas particles acquire more kinetic 

    energy and when they collide they do it more forcibly.
6. There is no electrostatic interaction between gas particles (no 

    attractions or repulsions)

    Explains why the gases do not become liquids or solids.

It interesting to note that the KMT was proposed somewhat before John Dalton’s atomic theory was accepted. In fact the KMT helped in convincing the scientists of the time that the atomic theory has some validity.

How does the KMT explains the Gas Laws
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The particles in a gas have different velocities and consequently different kinetic energies. However the average KE of the molecules is directly proportional to the absolute (Kelvin) temperature of the gas. See the following graph.
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