General Chemistry

        Lecture note 2: Thermochemistry

       Dr.Sadeem.M.AL-barody                             Study Sheet 1

Thermochemistry
1-Terms for you to learn that will make this unit understandable:

Energy (E) – the ability to do work or produce heat; the sum of all potential and kinetic energy in a system is known as the internal energy of the system

· Potential energy 
· Kinetic energy – KE = ½ mv2
Law of Conservation of Energy – AKA First Law of Thermodynamics

Heat (q) – transfer of energy in a process (flows from a warmer object to a cooler one – heat transfers because of temperature difference but, remember, temperature is not a measure of energy—it just reflects the motion of particles)

Enthalpy (H)– heat content at constant pressure


Enthalpy of reaction (ΔHrxn)

Enthalpy of combustion (ΔHcomb)

Enthalpy of formation (ΔHf)

Enthalpy of fusion (ΔHfus)

Enthalpy of vaporization (ΔHvap)
System verses Surroundings 
Endothermic verses Exothermic 
State Function Independent of past or future behavior, ie. The path.
Entropy (S) – measure of disorder in the system (measure of chaos)

Gibb’s Free Energy (G)– criteria for sponteneity and amount of free energy to do work

Thermodynamics – study of energy and its interconversions

Work – force acting over distance

2-ENERGY AND WORK
ΔE = q (heat) + w (work)

Signs of q  
+q if heat absorbed




–q if heat released

Signs of w (commonly related to work done by or to gases)




+ w if work done on the system (i.e., compression)




− w if work done by the system (i.e., expansion)

When related to gases,  w = −PΔV


NOTE: Energy is a state function. (Work and heat are not.)

3-ENTHALPY Measure only the change in enthalpy, ΔH ( the difference between the potential energies of the products and the reactants)

ΔH is a state function

ΔH = q at constant pressure (i.e. atmospheric pressure)

Enthalpy can be calculated from several sources including:

· Stoichiometry

· Calorimetry

· From tables of standard values

· Hess’s Law

· Bond energies

4-Terms to know:
· Heat capacity – energy required to raise temp. by 1 degree (Joules/ °C)

· Specific heat capacity (Cp) – same as above but specific to 1 gram of substance

· Molar heat capacity -- same as above but specific to one mole of substance (J/mol K or J/mol °C )

· Energy (q) released or gained at constant pressure: q = mCpΔT
· q = quantity of heat (Joules or calories)

· m = mass in grams

· ΔT = Tf - Ti (final – initial)

· Cp = specific heat capacity ( J/g°C)

· Specific heat of water (liquid state) = 4.184 J/g°C ( or 1.00 cal/g°C)

5-Units of Energy:

· calorie--amount of heat needed to raise the temp. of 1.00 gram of water 1.00 °C

· joule--SI unit of energy; 1 cal = 4.184 J

ΔHf ° = enthalpy of formation.


   = Production of ONE mole of compound FROM its ELEMENTS in their standard states
ΔHf °  = is ZERO for ELEMENTS in standard states (Standard State is 25°C (298 K), 1 atm, 1M)

The “BIG MAMMA” Equation: ΔHrxn = Σ ΔHf  (products) - Σ ΔHf  (reactants)

5-Hess’s Law
Enthalpy is not dependent on the reaction pathway. If you can find a combination of chemical equations that add up to give you the desired overall equation, you can also sum up the ΔH’s for the individual reactions to get the overall ΔHrxn.  

Remember this:

· First decide how to rearrange equations so reactants and products are on appropriate sides of the arrows.

· If equations had to be reversed, reverse the sign of ΔH

· If equations had be multiplied to get a correct coefficient, multiply the ΔH by this coefficient since ΔH’s are in kJ/MOLE (division applies similarly)

· Check to ensure everything cancels out to give you the exact equation you want.

· Hint** It is often helpful to begin your work backwards from the answer you want!

􀂙 Bond Energies

Energy must be added/absorbed to BREAK bonds (endothermic). Energy is released

when bonds are FORMED (exothermic). This is a giant misconception among

students! Once again, it “takes” energy to break bonds and energy is released when a

bond forms.

ΔH = sum (Σ) of the energies required to break old bonds (positive signs since energy is added to the system) plus the sum of the energies released in the formation of new bonds (negative signs since energy is lost from the system).

ΔH = Σ Bond Energies broken – Σ Bond Energies formed

6-WHAT DRIVES A REACTION TO BE SPONTANEOUS?
(1) ENTHALPY ((H) – heat content (exothermic reactions are generally favored)

(2) ENTROPY ((S) – disorder of a system (more disorder is favored) Nature tends toward 


chaos!  Think about your room at the end of the week!  Your mom will love this law.  

7-ENTROPY:



The second law of thermodynamics: the universe is constantly increasing disorder. 


The third law of thermodynamics:  the entropy of a perfect crystal at 0K is zero.


[not a lot of perfect crystals out there so, entropy values are RARELY ever zero]

1) Predicting the entropy of a system based on physical evidence:

2) The greater the disorder or randomness in a system, the larger the entropy.

3) The entropy of a substance always increases as it changes from solid to liquid to gas.

4) When a pure solid or liquid dissolves in a solvent, the entropy of the substance increases (carbonates are an exception!--they interact with water and actually bring MORE order to the system)

5) When a gas molecule escapes from a solvent, the entropy increases

6) Entropy generally increases with increasing molecular complexity (crystal structure: KCl vs CaCl2) since there are more MOVING electrons!

7) Reactions increasing the number of moles of particles often increase entropy.
Calculating Entropy from tables of standard values:  (Just the same as calculating the enthalpy earlier) 



S is + when disorder increases (favored)



S is – when disorder decreases   

Units are usually J/K( mol (not kJ ---tricky!)

SUMMARY ENTROPY: 

· (S = +  MORE DISORDER (FAVORED CONDITION) 

· (S = -  MORE ORDER 
Whether a reaction will occur spontaneously may be determined by looking at the (S of the universe.  
· ΔS system + ΔS surroundings = ΔS universe
· IF ΔS universe is +, then reaction is spontaneous

· IF ΔS universe is -, then reaction is NONspontaneous

8-FREE ENERGY - (G
Calculation of Gibb’s free energy is what ultimately decides whether a reaction is spontaneous or not.  NEGATIVE (G’s are spontaneous.  (G can be calculated one of several ways:

This works the same way as enthalpy and entropy from tables of standard values! Standard molar free energy of formation--same song, 3rd verse.  ΔGf = 0 for elements in standard state

(a) GRAND Daddy:  (G = (H - T(S
(b) Hess’s law summation  

(c) (G = (G0 + RT ln (Q)  

Define terms:  (G = free energy not at standard conditions 




(G0 = free energy at standard conditions




R = universal gas constant 8.3145 J/mol(K 




T = temp. in Kelvin




ln = natural log 




Q = reaction quotient:  

(d) “RatLink”:  (G( = -RTlnK

Terms:  basically the same as above --- however, here the system is at equilibrium, so (G = 0 and K represents the equilibrium constant under standard conditions.  

K = [products]   still raised to power of coefficients

              

 

         [reactants]  


(e) “nFe”:  (G( = - nFE(
     remember this!!
                 Terms:  (G( = just like above—standard free energy 



    
n = number of moles of electrons transferred (look at ½ reactions)



    
F = Faraday’s constant  96,485 Coulombs/mole electrons 



          
E0 = standard voltage ** one volt = joule/coulomb**


SUMMARY OF FREE ENERGY:

· (G = + NOT SPONTANEOUS

· (G = -  SPONTANEOUS



Conditions of (G:



(H

(S

Result








negative
positive
spontaneous at all temperatures



positive
positive
spontaneous at high temperatures



negative
negative
spontaneous at low temperatures



positive
negative
not spontaneous, ever

When the reaction is spontaneous, (G is the energy available to do work such as moving a piston or flowing of electrons.  When (G is positive, and thus non-spontaneous, it represents the amount of work needed to make the process occur.













BIG MAMMA, verse 2:              (Srxn = ( (S0 (products) - ( (S0 (reactants)





 BIG MAMMA ,verse 3: (G0rxn = ( (G0 (products) - ( (G0 (reactants)


























