Thermochemistry /Thermodynamics





Energy-  the capacity to do work or produce heat.





Law of Conservation of Energy-





	The energy in the universe is constant; it can


	neither be created nor destroyed but only 


	transferred and transformed.





Potential Energy- 


	


	Energy due to position or composition.





Kinetic Energy-


	


	Energy due to motion.





	Kinetic energy depends on the mass and velocity


	of an object.





	�





Temperature-





	A measure of the hotness or coldness of


	something and proportional to the average 


	molecular kinetic energy of the atoms,


	molecules, or ions present.





Heat-


	A form of energy.





	Heat involves a transfer of energy between


	two objects due to a temperature difference.


�



State Function-





	The value of a state function depends only 


	on the initial and final states of the system,


	and not on the path taken to get from the 


	initial to final state.





	Ex.  P, V, T, H, S, and G.





Work and heat are not state functions, they depend on the pathway.








System-	The part of the universe which we are


	       concerned with.





Surroundings- Everything else.





Exothermic -  


	


	Heat is given off.





	The potential energy of the products is


	less than the potential energy of the reactants.





	CH4(g)  +  2O2  (  CO2(g)  +  H2O(g)  +  heat





	Potential energy reaction coordinate diagram.
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Endothermic-  


	


	Energy is absorbed from the surroundings.





	The potential energy of the products is greater


	than the potential energy of the reactants.





	N2(g)  +  O2(g) +  energy (  2NO(g)





 	Potential energy reaction coordinate diagram.
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Thermodynamics-





	The study of energy and its interconversions.





	The study of the laws that govern the energy


	and entropy changes of physical and chemical 


	events.





E is the internal energy of a system.





(E represents the change in the internal energy of a system.





First Law of Thermodynamics-





	Law of Conservation of Energy, the energy of


	the universe is constant.





	Mathematically:





	(E = q + w





	q = heat added to a system





	w = work done on the system








We will study the expansion and compression of gasses.





An expanding gas is doing work, “w” is negative.





A gas being compressed is having work done on it, 


“w” is positive.





When we work on a system (a gas), it compresses;  when the system (the gas) expands it is doing work.





We will study a gas in an enclosed cylinder with a movable piston.





The pressure outside the cylinder pushes on the piston, if the gas expands it must expand against the outside pressure.





In order to compress the gas the pressure outside the cylinder must be greater than the pressure inside the cylinder.  Work can then be done on the system (compression).

















Pressure is force per area:		�





Work is the application of a force over a distance:





	Work = force x distance





	W = F x d = F x (h





We can rearrange    �       to      F = P x A.





Work = F x (h = P x A x (h





(V = final volume - initial volume = A x (h





Work = P x A x (h 








Work = P(V





This formula gives the magnitude of the work done on or by a gas.  We also must assign a sign to the work. 





Compression is “+”





Expansion is “-”





For expanding gasses (V is positive, but we said this is “negative work.”  





Note that (V and work have opposite signs.





w = -P(V

















Enthalpy -  H





	Energy of a system which is open to the 	atmosphere.


	


	H = E + PV





	We are concerned with changes in enthalpy.





	(H = (E + ((PV)





	If a reaction is carried out in an open container 


	the external pressure on the system is constant:





	(H = (E + P(V





	


	Recall:





	(E = q + w





	(E = q - P(V





	q = E + P(V





	Therefore: (H = q





	Whenever a reaction is carried out against 


	constant pressure, i.e. in an open container.











Calorimetry - 





	The science of measuring the quantities of heat


	that are involved with chemical or physical 


	changes.





Heat Capacity - ( C )





	The amount of heat needed to raise the temp.


	of an object by 1(C.





	�





Specific Heat Capacity -





	Amount of heat needeed to raise the temp.


	of 1g of a substance 1(C.





Specific Heat of water:	�








Molar Heat Capacity -





	The amount of heat needed to raise the temp.


	of one mole of a substance 1(C.








Bomb Calorimeter-





	A device used to carry out experiments


	at constant volume.





	  (E = q + w


	


	 (E = q - P(V





	In a bomb calorimeter (V is zero,





	(E = q     (V = constant)








Hess’s Law -  (heat summation)





	For any rxn that can be written as a series of 


	steps, (H for the rxn is equal to the sum of


	the (H’s of the steps.





	The chief use of Hess’s law is to calculate the


	enthalpy change for a reaction for which data


	cannot be determined experimentally or are


	otherwise unavailable.





	Thermochemical Equations include the


	value of (H.





	The standard heat of reaction is the value of 


	(H for a reaction occurriing under standard


	conditions (1 atm, 25(C) and involving the


	actual number of moles specified by the 


	coefficients of the equation.





	








	N2(g) + 3H2(g) ( 2NH3(g)            (H=   - 92.38kJ





	N2(g) + 3H2(g) ( 2NH3(g)  + 92.38 kJ	





	The above two thermochemical equations


	are for the exothermic reaction between 


	nitrogen and hydrogen to form ammonia.


		


	Rules for manipulating thermochemical 


	equations:





	1.	When an equation is reversed (written in


	  	the opposite direction), the sign of (H


		must also be reversed.





		C(s) + O2(g) ( CO2(g)	        (H = - 394 kJ	





		CO2(g)  (  C(s) + O2(g)              (H = + 394 kJ





2.	Formulas canceled from both sides of an


	equation must be for the substance in


	identical physical states.





3.	If all the coeffecients if an equation are


	multiplied or divided by the same factor,


	the value of (H( must likewise be changed.





	


Carbon monoxide is used in metallurgy to remove 


oxygen from metal oxides and thereby give the 


free metal.  Given the following two thermochemical


equations:





Fe2O3(s) + 3CO(g) ( 2Fe(s) + 3CO2(g)        (H(= - 26.7 kJ	





CO(g) + 1/2  O2(g) ( CO2(g)                       (H(= - 283.0 kJ





Determine (H( for the reaction:





	2Fe(s) + 3/2 O2(g) ( Fe2O3(s)	


	





2Fe(s) + 3CO2(g) ( Fe2O3(s) + 3CO(g)        (H(= +26.7 kJ 





3CO(g) = 3/2 O2(g) ( 3CO2(g)                     (H(= - 849.0 kJ 


______________________________________________





Fe(s) + 3/2 O2(g) ( Fe2O3(s)                         (H(= - 822.3 kJ




















Standard Enthalpy of Formation-  





	The change in enthalpy that accompanies the 


	formation of 1 mole of a compound from its


	elements with all substances in their standard


	states at 25(C.





	Standard state is 1 atm, 25(C. (1 M for solutions)





	The enthalpy change for a given reaction can


	be calculated by subtracting the enthalpies


	of formation of the reactants from the enthalpies


	of formation of the products.





	(Hrxn = ((H(products) -  ((H(reactants)





	The enthalpy of formation of elements is zero.


	


	


Other information from chapter (did not have to read)





	Fossil Fuels - coal, oil, and natural gas.





	Petroleum - thick, dark liquid, mostly


			       hydrocarbons.





	Natural Gas - mostly methane, has some ethane,


				   propane, and butane.





	Cracking -  breaking long carbon chains into


	   		     smaller fragments. 	








	





	


