Thermodynamics

The study of energy and its interconversions

In thermodynamics, the universe is divided into the system and the surroundings

System + Surroundings = Universe

Energy 

· the capacity to do work

Ways to change the energy of the system

1. Adding or removing material

2. Heating / Cooling

3. Doing work on a system / system does work on the surroundings

Internal energy (E)

· the total energy of all particles in a system 

· includes both kinetic (translational, vibrational, rotational) and potential energy (electrostatic, etc)

Systems contain ONLY internal energy

· A system DOES NOT contain energy in the form of heat or work

· Heat and work are the means by which a system exchanges energy with its surroundings.

· Heat and work only exist during a change in the system

(E = Efinal – Einitial
First law of thermodynamics

(E = q + w

(E = change in internal energy of the system



q = heat



w = work

· Any energy ENTERING the system carries a + sign
· Any energy LEAVING the system carries a ( sign


Heat absorbed by the system

+ q

endothermic



Heat given off by the system

( q

exothermic

Work done on a system

+ w



Work done by a system

( w



Work is always defined from a systems reference point

· (E is a state function (a property that is independent of its pathway)

· q and w are not state functions (their values are path dependent)

PV Work

Work done by gas expansion (-w) or work done to a gas(+w)

As Pressure = Force/Area  
P = F/A

And

W = force x distance

W = F(h

( 
W = Pext x A x (h



W = Pext(V


(V = Vfinal - Vinitial
· internal pressure is often the same as the external pressure

· when a gas expands, (V is +, and energy leaves the system as work (–w)

· when a gas contracts, (V is -, and energy enters the system as work (+w)

Enthalpy

Is defined as H, where 



H = E + PV




Internal energy, pressure and volume are all state functions.




( H is also a state function



( (H = (E + ((PV)

As (E = q + w  
and 



(E = q - P(V


at a constant pressure, only PV work is allowed



( (E = qp - P(V 



combining 
( (H = (E + ((PV)
and 
(E = qp - P(V

(H = qp - P(V + P(V

at a constant pressure

(H = qp
( For a reaction studied at constant pressure, the flow of heat is a measure of the change in enthalpy for the system. Heat of reaction and change of enthalpy are both terms used to study constant pressure reactions .


(Hrxn = Hproducts - Hreactants
· if (H is positive, the reaction is endothermic

· if (H is negative, the reaction is exothermic

Calorimetry

The science of measuring heat is based on observing the temperature change when a body absorbs or discharges energy as heat.

Substances require different amounts of energy to raise their temperatures by one degree.

Heat capacity – the quantity of heat required to change the temperature of a system by one degree

Specific heat capacity is the amount of energy required to change one gram of a substance by one degree. The units are J/g ( K

· The specific heat capacity of water is approximately 4.18 J/g (K or 1 cal/g (K

· Molar heat capacity, the amount of energy required to change one mole of a substance by one degree is commonly used as well. 

· The units are mol/g ( K

q =  m x specific heat x (T

where 
q = quantity of heat







m = mass of a substance







(T = temperature change

eg.  
If the temperature of 200. mL of water drops from 75.0oC to 37.0oC, what is the energy change?


q =  m x specific heat x (T


   = 200 mL x 1 g/mL x 4.18 J/g(K x (37.0oC - 75.0oC)


   = ( 31768 J


   = ( 3.18 kJ


value is -, energy is released to the environment

· As (H is an extensive property, it depends directly on the amount of substance. 

· Twice as much water would require twice the amount of energy.

Constant volume calorimetry

Energy changes involving constant volume are studied in bomb calorimeters.

· A bomb calorimeter contains weighed reactants in a rigid steel container that is ignited. 

· The surrounding water absorbs heat evolved and the temperature is measured.

Under these conditions, no work is done as (V = 0

(E = q + w = q -P(V = qp
qp = m x specific heat capacity x (T

Standard state and enthalpy changes

· Standard state of any substance is the physical state at which it is most stable at 1 atm and 25oC.

· (NON-IB, this actually isn’t true. It is actually at 1 Bar which is slightly below 1 atm. 1 Bar is the SI unit equal to 100 kPa. (what is the pressure in kPa equal to 1 atm?) Also, it doesn’t have to be at 25oC, but it usually is.)

Standard enthalpy changes

Enthalpy changes expressed for chemical reactions or other transformations of substances in their standard states.

The symbol is (Ho   (NON-IB, actually (Ho298)

Standard enthalpy of formation ((Hof)

Standard enthalpy of formation ((Hof) is the heat required to form one mole of the compound in its standard state by the combination of the elements in their standard states.


Eg.  
H2(g)  + ½ O2(g)  (  H2O(l)  

(Hof = - 285.83 kJ/mol



½ H2(g)  +  ½ I2(s) (  HI(g) 

(Hof = - 285.83 kJ/mol

*** The standard enthalpy of formation of an element in its standard state is 0.***


eg.  

Write the thermochemical equation for CaCO3


 Ca(s)  +  C(s)  +  3/2 O2(g)  (  CaCO3

(Hof = - 1206.92 kJ/mol


Using the data booklet, write the thermochemical formula for methanol(l) and determine the standard heat of formation.

Using the data booklet, write the thermochemical formula for phenol(l)
and determine the standard heat of formation

Hess’ Law

Hess’ Law state that the enthalpy of a chemical reaction is the same whether the reaction takes place in one step or several.

Therefore, the heat absorbed or evolved in going from the initial state to the final state is the same no matter by what route the reaction takes.

In reaction kinetics


Eg.  Combustion of graphite (C)


One step reaction

C(s)  +  O2(g) (  CO2(g)          
1


Two step reaction

C(s)  +  ½ O2(g) (  CO(g)
2






CO (g)  +  ½ O2(  CO2(g)
3

Method for using known enthalpies to calculate unknown enthalpies

1. Write the desired thermochemical equation.

2. If necessary, reverse some of the known thermochemical equations so that the major reactants and products of the desired reaction are on the reactants and products sides. If you reverse the equation, you MUST REVERSE THE SIGN.

3. If necessary, multiply the known equations by appropriate coefficients as they do in the desired equation.

4. If unwanted reactants or products appear in the equation after step 3, further equations must be included so that the unwanted species will cancel out when all of the equations are added.

5. Add the known equations and the values of (Ho as they appear in steps 2, 3, and 4.

Find the standard heats of formation for the following

1. Find the standard heat of formation of NO2, given

½ N2(g)  +  ½ O2(g)  (  NO(g)  


(Ho = 90.25 kJ

                      2 NO2(g)  (  2NO(g)  +  O2(g)  

(Ho = 114.14 kJ

answer 33.18 kJ/mol

2. Find (Ho for CaC2(s)  +  2 H2O(l)  (  Ca(OH)2(aq)  +  C2H2(g), given

Ca (s)  +  2 C(graphite)  (  CaC2(s)  


(Ho = - 59.8 kJ

          Ca (s)  +  ½ O2(g)  (  CaO(s)  


(Ho = - 635.09 kJ

          CaO(s)  + H2O(l)  ( Ca(OH)2(aq)


(Ho = - 653.1 kJ

           C2H2(g)  + 5/2 O2(g)  ( 2 CO2(g)  + H2O(l)

(Ho = - 1300. KJ

     C(graphite)  + O2(g)  ( CO2(g)



(Ho = - 393.509 kJ

answer –715 kJ

3. Find (Ho for 4 FeO(s) (  Fe(s)  +  Fe3O4(s), given

 Fe (s)  +  ½ O2(g)  (  FeO(s)  


(Ho = - 272.0 kJ

3 Fe (s)  +  2 O2(g)  (  Fe3O4(s)  


(Ho = - 1118.4 kJ

answer –30.4 kJ

When standard heats of formation (standard enthalpies of formation) are known for all of the reactants and products in a given reaction, the heat of reaction can be found by a more simple method.

Subtraction of the sum of the (Hof values of all the reactants FROM the sum of the (Hof values of all the products gives the desired (Ho value.


(Ho = ( (Hof products - ( (Hof reactants

Find the heat of reaction ((Ho) for CH4(g)  +  4 F2(g)  (  CF4(g)  +  4 HF(g), given


(Hof  for 
CH4(g)  

- 74.81 kJ/mol




CF4(g)  

- 925 kJ/mol




HF(g)  

- 271.1 kJ/mol

Find the heat of reaction ((Ho) for 2 Fe3O4(s)  +  ½  O2(g)  (  3 Fe2O3(s), given


(Hof  for 
Fe3O4(s)
- 1118.4 kJ/mol




Fe2O3(s)
- 824.2 kJ/mol
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