Honors Chemistry II   





Notes 
Thermodynamics

#2. THERMODYNAMICS

Thermodynamics is the study of changes in energy in chemical reactions and the influence of temperature on those changes.

Energy is the capacity to do work or to produce heat.

Energy is conserved according to the law of conservation of energy.
#3. TYPES OF ENERGY
Potential energy is the energy due to the position or composition of the reactants. Ex. Water behind a dam has the potential of being converted into electricity.

Kinetic energy is energy due to the motion of the object and depends on the mass of the object and its velocity.

KE = 1/2mv2
#4. WHY DO REACTIONS OCCUR?

Two General Reasons:

   1. A system in nature tends to go from a state of higher energy to one of lower energy.  (Ball will roll down a hill but not up)

    2. Natural processes tend to go from an orderly state to a disorderly one…..Entropy.

#5. Reactions in natural processes are usually isothermal (constant temperature) and isobaric ( constant pressure).

#6. ENERGY
Energy is the ability to do work or to produce heat. 

One of the most important characteristics of energy is that it is conserved.  The law of conservation of energy states that energy can be converted from one form to another but can neither be created nor destroyed

#7. HEAT/TEMPERATURE
Heat involves the transfer of energy between two objects due to a temperature difference.  

Temperature is a property that reflects the random motions of the particles in a substance.

#8. STATE FUNCTION/PROPERTY

A state function refers to any property of the system that depends only on its present state.  It does not depend on the system’s past (or future) or how it arrived at the current state.

A change in the value of a state function in going from one state to another state is independent of the particular pathway taken between the two states.

Energy is a state function but work and heat are not.

#9.
SYSTEM/SURROUNDINGS

The universe is divided into two halves; the system and the surroundings.

   1.  The system is the part you are concerned with.

   2.  The surroundings are the rest.

#12.  EXOTHERMIC/ENDOTHERMIC
Exothermic reactions release energy to the surroundings. 

  CH4  +  2O2  ( CO2  + 2H2O + heat

Endothermic reactions absorb energy from the surroundings.

N2  + O2 + energy  ( 2NO
#15. DIRECTION OF ENERGY 

Every energy measurement has three parts.

   1. A unit (Joules or calories). 

   2. A number value expressing how much. 

   3. A sign to tell direction. 

        Negative - exothermic 

        Positive- endothermic

#18.ENTHALPY

  The melting of ice to liquid water is:

   (H  = H H20(s)  -   H  H20 (l)

Because energy must be added to change ice to liquid, the value of H H20 (l) is greater than H H2O (s) 

To measure (H, one must measure the amount of heat absorbed when the phase change occurs. 
#19. ENTHALPY

For the melting of ice it is 335 KJ.  It is positive because the heat content of liquid water is greater than the ice.  A positive (H indicates heat was absorbed (endothermic ).  Exothermic reactions will be negative, such as the freezing of water.

#20. FIRST LAW OF THERMODYNAMICS
The Law of Conservation of Energy is the 1st Law of Thermodynamics.  

It states:  The energy of the universe is constant.

The internal energy, E, of a system can be defined as the sum of the kinetic and potential energies of all the particles in the system.  ( E = q  + w  

   q = heat   w = work

#21. FIRST LAW OF THERMODYNAMICS

Thermodynamic quantities consist of 2 parts:

1. A number giving the magnitude of the change

2. A sign indicting the direction of the flow. 

The sign reflects the system’s point of view.

#22. FIRST LAW OF THERMODYNAMICS

If a quantity of energy flows into the system via heat (endothermic) ‘q’ is positive indicating the system’s energy is increasing.

If the energy flows out of the system via heat (exothermic) ‘q’ is negative indicating the system’s energy is decreasing.

#23. FIRST LAW OF THERMODYNAMICS
Engineers use the opposite viewpoint because they are designing systems or machines to do work so their formula is   

( E = q – w´

#24. ENTHALPY & CALORIMETRY 

A device used to determine the heat associated with a chemical reaction is called a calorimeter.  

The heat capacity ‘C’ of a substance is the amount of heat absorbed or released by a substance that it takes to raise the temperature of one gram of water by one degree.
#25. ENTHALPY & CALORIMETRY
If the heat capacity is given per gram of the substance, it is called the specific heat capacity and its units are J/°C.g or J /°K.g.

If it is given per mole it is called molar heat capacity and its units are J /°C.mol or  J /°K.mol.

#26. ENTHALPY & CALORIMETRY

To calculate heat capacity:

        q = mass x (T x Cp

#27. ENTHALPY


Enthalpy is the heat content of a system.

Every sample of matter has energy stored in it.

Some is potential energy related to the physical phase and its pressure and volume.  The total of all these forms of energy is the heat content or Enthalpy

#28. ENTHALPY
In all reactions, there will be a change in enthalpy.  This change occurs when a reaction takes place. 

 It is due to the energy required to break bonds in reactants and energy forming new bonds to make products.

#29. ENTHALPY

It is not possible to measure or calculate the total heat content of a substance but one can say its heat content is constant as long as no energy enters or leaves the substance.

If energy does enter or leave the substance, its enthalpy will be changed by an amount equal to that energy lost or gained, which is measurable.

#30. ENTHALPY

The symbol for enthalpy is ‘H’.  Subscripts are used to identify the chemical and its physical state.  

There are different enthalpy values for each physical state. 

The change in enthalpy has the symbol (H

#31.. ENTHALPY
The change in enthalpy between reactants and products is called the heat of reaction and is measured in kJ or kcal.    (H rxn
#32. ENTHALPY OF FORMATION

When one mole of a compound is formed from its elements, the (H is called the heat of formation, (Hf.

(Hf is always expressed as kJ per one mole of product.

Standard states for enthalpy of formation are 298 K and 100,000 Pa.

Not 101.325 Pa as in gases

(H°f circle means std states.

#33. ENTHALPY OF FORMATION

The standard enthalpy of formation of any element in its most stable form is Zero.
If the standard enthalpies of formation are known, then the enthalpy of reaction (( Hrxn) can be calculated.
#34. ENTHALPY OF FORMATION
The enthalpy change for a reaction can be calculated by subtracting the enthalpies of formation of the reactants from the enthalpies of formation of the products.

 (Hrxn=( [np(Hf(products)  -     ( [nr(Hf(reactants)]

#35. ENTHALPY OF FORMATION
a A  + b B  ( c C  + d D  

                    a,b,c,d are coefficients in moles.

(Hºrxn =[c (H°f C  + d (H°f D ] –   [a (H°f A  + b (H°f B ]
#36. ENTHALPY CHANGE PROBLEM
Calculate the change in enthalpy for the decomposition of cobalt II carbonate into cobalt II oxide and carbon dioxide.

CoCO3 ( CoO + CO2
[1(-293.3) + 1(-393.5)] - [1(-723)] = 90.2 kJ
#37. ANOTHER ENTHALPY CHANGE PROBLEM
How much heat is produced or absorbed by the reaction of barium chloride with excess sodium sulfate?

#38. ENTHALPY/STOICHIOMETRY PROBLEMS
When one mole of methane is burned, 890 kJ of energy is released as heat.  Calculate the (H for a process in which a 5.8 g sample of methane is burned. 

Since heat is released the H of 1 mole of CH4 is –890 kJ.

((H =   5.8 g/ 1 mol  / 890 kJ   = - 320kJ

                       / 16 g   /  1 mol 

#39. ENTHALPY/STOICHIOMETRY PROBLEMS
Calculate the change in enthalpy for the decomposition of 17.0 g of cobalt II carbonate into cobalt II oxide and carbon dioxide.

CoCo3 ( CoO + CO2
[1(-293.3) + 1(-393.5)] - [1(-723)] = 90.2 kJ/mol

17 g   / 1 mole / 90.2 kJ     =   12.89 kJ

         /  119 g /   1 mol
#40. HESS’S LAW

Since enthalpy is a state function, the change in enthalpy in going from some initial state to some final state is independent of the pathway.

Hess’s law states that in going from a particular set of reactants to a particular set of products, the change in enthalpy is the same whether the reaction takes 
place in one step or in a series of steps.

#41. HESS’S LAW

The reaction:

N2(g)  + 2O2(g)  ( 2NO2(g) 

Can be carried out in two steps:

N2(g) + O2  ( 2NO2 (g)                     (H = 180 kJ

2NO(g) + O2 ( 2NO2(g)                            (H = -112 kJ

Net :N2(g)+ 2O2(g)( 2NO2(g)             (H =68kJ

#43. HESS’S LAW
Two rules of Hess’s law:

1. If a reaction is reversed, the sign of (H is reversed.

2. The magnitude of (H is directly proportional to the quantities of reactants and products in the reaction.  If the coefficients are multiplied by an integer, the value of (H is multiplied by the same integer.

#44. EXAMPLE
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#45. SOLUTION

A. flip

B. x 2 

C. same

· Answer  = 226 kJ

Hº= -1300. kJ
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calculate Hº for this reaction:


2C (s) + H2(g) ( C2H2(g)





EXAMPLE











Hº= -286 kJ





Hº= -394 kJ
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