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Virtually every chemical reaction is accompanied by a change in energy. Chemical reactions usually absorb or release heat. Thermochemistry is the study of the transfers of energy as heat that accompany chemical reactions and physical changes. 

Temperature is a measure of the average kinetic energy of the particles in a sample of matter. The greater the kinetic energy of the particles, the higher the temperature it has. For calculations in thermochemistry we use the Celsius and Kelvin scales. The ability to measure temperature is thus based on heat transfer. The amount of energy transferred as heat is usually measured in joules. A joule is the SI unit of heat as well as other forms of energy. The joule, abbreviated (J) is derived from the units for force and length. Because the joule is a rather small unit compared with other units for heat, the kilojoule, kJ, is also commonly used as a unit for heat. 


Heat can be thought of as the energy transferred between samples of matter because of a difference in their temperatures. Energy transferred as heat always moves spontaneously from matter at a higher temperature to matter at a lower temperature. Ice left out in a glass at room temperature melts due to the heat in the room. Heat transfer always goes from “hot” to “cold”.

The quantity of energy transferred as heat during a temperature change depends on the nature of the material changing temperature, and the size of the temperature change. One gram of iron heated to 100.0 oC and cooled to 50.0 oC transfers 22.5 J of energy. But one grams of silver transfers 11.8 J of energy under the same conditions. The difference results from the metal’s differing capacities for absorbing this energy. A quantity called specific heat can be used to compare heat absorption capacities for different materials. Specific heat is the amount of energy required to raise the temperature of one gram of a substance by one Celsius degree (1oC) or one Kelvin (1 K) (because the sizes of the degree divisions on both scales are equal). Values of specific heat can be given in units of joules per gram per Celsius degree, J/(g.oC), joules per gram per Kelvin, J/(g.K), or calories per gram per Celsius degree, cal/(g.oC). Specific heat is given the symbol (c). An equation then can be given to find the quantity of energy gained or lost with a change in temperature. Conversions – 1 calorie = 4.186 joules




q  =  c  X  m  X  T
q = quantity of heat transferred 

c = specific heat of the substance


m = mass of the substance

 T = the temperature change

Sample Problem- A 4.0 g sample of glass was heated from 274 K to 314 K and was found to have absorbed 32 J of energy as heat. What is the specific heat of this type of glass? 

Given:
m = 4.0 g
 T = 40 K
q = 32 J

Unknown:   c

c = 
32 J

= 0.20 J/(g.K)

      (4.0 g) (40 K)

Problems-
1. 2,000 calories is a good number for a human to consume in a day. How many joules does this equal?

2. Convert 10oC, 30oC, 32oF, and 75oF to Kelvins

3. How much heat energy is needed to raise the temperature of a 55 g sample of aluminum from 22.4 oC to 94.6 oC? cAl=0.897 J/(gK)

4. Determine the specific heat of a material if a 35 g sample absorbed 48 J as it was heated from 293 K to 313 K.

5. 980 kJ of energy are added to 6.2 L of water at 291 K, what will the final temperature of the water be? The specific heat of water is 4.186 J/(gK).
6. 3.5 kJ of heat are added to a 28.2 g sample of iron at 20oC. What is the final temperature of iron in Kelvins? cFe = 0.45 J/(gK)
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The heat of reaction is the quantity of energy released or absorbed as heat during a chemical reaction. You can think of heat of reaction as the difference between the stored energy of the reactants and the products. 


If a mixture of hydrogen and oxygen is ignited, water will form and energy will be released explosively. The energy that is released comes from the reactants as they form products. Because energy is released, the reaction is exothermic, and the energy of the product, water, must be less than the energy of the reactants before ignition. 

The following chemical equation for this reaction indicates that when 2 mol of hydrogen gas at room temperature are burned, 1 mol of oxygen gas is consumed and 2 mol of water vapor are formed.



2H2(g)   +   O2(g)   (   2H2O(g)
The equation does not tell you that energy is evolved as heat during the reaction. Experiments have shown that 483.6 kJ of energy are evolved when 2 mol of gaseous water are formed at 298 K from its elements. Modifying the chemical equation to show the amount of energy produced during the reaction gives the following expression.



2H2(g)   +   O2(g)   (   2H2O(g)  +  483.6 kJ

This expression is an example of a thermochemical equation, an equation that includes the quantity of energy released or absorbed as heat during the reaction as written. In any thermochemical equation, we must always interpret the coefficients as numbers of moles and never as numbers of molecules. The quantity of energy released as heat in this or any reaction depends on the amounts of reactants and products.  The quantity of energy released during the formation of water from H2 and O2 is proportional to the quantity of water formed. Producing twice as much water vapor would require twice as many moles of reactants.

The situation is reversed in an endothermic reaction because products have a higher energy than reactants. The decomposition of water vapor is endothermic; it is the reverse of the reaction that forms water vapor. The amount of energy absorbed by water molecules to form hydrogen and oxygen equals the amount of energy released when the elements combine to form the water. This is to be expected because the difference between the energy of reactants and products is unchanged. Energy now appears on the reactant side of the thermochemical equation that follows, indicating that it was absorbed during the reaction.




2H2O(g)  +  483.6 kJ   (   2H2(g)  +  O2(g)
The physical states of reactants and products must always be included in thermochemical equations because they influence the overall amount of energy exchanged. For example, The energy needed for the decomposition of water would be greater than 483.6 kJ if one started with ice because extra energy would be needed to melt the ice and to change the liquid into a vapor.

The energy absorbed or released as heat during a chemical reaction at constant pressure is represented by H. The H is the symbol for a quantity called enthalpy. Enthalpy has traditionally been defined as the heat content of a system at constant pressure. Enthalpy has traditionally been defined as the heat content of a system at constant pressure. However, the term “heat content” is misleading. Also it is not practical to talk just about enthalpy as a quantity, because we have no way to directly measure the enthalpy of a system. Only changes in enthalpy can be measured. H is read as “change in enthalpy”. An enthalpy change is the amount of energy absorbed or lost by a system as heat during a process at constant pressure. The enthalpy change is always the difference between the enthalpies of the products and the reactants. 


H  =  Hproducts  -  Hreactants

Thermochemical equations are usually written by designating the value of H rather than writing the energy as a reactant or product. By convention, for an exothermic reaction, H is always a negative number because the system loses energy. 




2H2(g)  +  O2(g)   (   2H2O(g)
H  =  -483.6 kJ/mol

The graph shows the course of an exothermic reaction. The initial energy of the reactants is greater than the final energy of the products. This means energy is evolved, or given off, during the reaction and thus a negative enthalpy change.
For an endothermic reaction, H is always given a positive value because the system gains energy. Thus the endothermic decomposition of 2 mol of gaseous water has the following thermochemical equation.




2H2O(g)   (   2H2(g)   +   O2(g)
H  =  +483.6 kJ/mol

The graph shows the course of an endothermic reaction. Energy is absorbed in this reaction, meaning that the initial energy of the reactants is lower than the final energy of the products. H is designated as positive.
Problems-

1. For each equation listed below, determine the H and the type of reaction (endothermic or exothermic).

a. C(s)  +  O2(g)  (  CO2(g)  +  393.51 kJ

b. CH4(g)  +  2O2(g)  (  CO2(g)  +  2H2O(l)  + 890.31 kJ

c. CaCO3(s)  +  176 kJ  (  CaO(s)  +  CO2(g)
d. H2O(g)(  H2O(l)  +  44.02 kJ
