Thermodynamics Tips and Things to Remember
·  System – the thing you are studying (like a beaker with a reaction in it).  Surroundings – everything outside the system.  The universe = system + surroundings.

· (-) means lost to the surroundings (heat is ∆H, entropy is ∆S).   (+) means coming IN to the system.

·  Specific heat – amount of energy needed to raise the temperature of 1gram of a substance by 1oC.

· Q = mC∆T   (used to calculate the energy involved in anything EXCEPT a phase change)

· Q = m∆H (used for phase changes.  ∆Hfusion for solid ( liquid or liq ( solid; ∆Hvap for l( g or g ( l

· First Law of Thermodynamics – Energy is not created or destroyed, only changed from one form to another.
· Work = -p∆V   for gases.
· ∆Hrxn = ∑n∆Hprod - ∑n∆Hreact     (This equation can be used for ∆S values and ∆G values too.)
·  Nature favors exothermic reactions (-∆H) because there is less activation energy required.

· Hess’s Law:  Allows you to measure ∆H for an overall reaction, if you know the mechanism.

· When you multiply a reaction by coefficients, do the same to the value of ∆H.

· When you reverse a reaction, change the sign of ∆H.

· When you add reactions, add the ∆Hs.

· Second Law of Thermodynamics – The entropy of the universe is always increasing.

· Entropy – disorder or randomness.

· Nature favors more entropy (+∆S).  Ways entropy is increased:  Increasing the number of particles, increasing the temperature, changing phases (solid is most ordered, gas is most disordered)

· Gibb’s Free Energy (∆G) – allows us to predict the spontaneity (not speed) of a reaction.  

· –∆G = spontaneous; +∆G = not spontaneous

· Spontaneous means the reaction will proceed without outside intervention.

·  ∆G = ∆H – T∆S       

· ∆G is always (-) if ∆H is (-) and ∆S is (+)  (All favorable conditions, so spontaneous)

· ∆G is always (+) if ∆H is (+) and ∆S is (-)  (No favorable conditions, so NOT spontaneous)

· ∆G is temperature dependent, if both ∆H and ∆S are both (+) or both (-).

· At equilibrium conditions, G = 0.  (Melting, boiling, freezing are equilibrium!)

· ∆G = ∆Go + RT lnQ
· At equilibrium, ∆Go = -RT lnk
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WO3(s) + 3 H2(g)  W(s) + 3 H2O(g)
Tungsten is obtained commercially by the reduction of WO3 with hydrogen according to the equation above. The following data related to this reaction are available:


WO3(s)
H2O(g)

Hf (kilocalories/mole)
-200.84
-57.8


Gf (kilocalories/mole)
-182.47
-54.6

(a)
What is the value of the equilibrium constant for the system represented above?

(b)
Calculate S at 25C for the reaction indicated by the equation above.

(c)
Find the temperature at which the reaction mixture is in equilibrium at 1 atmosphere.
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CH3OH(l) + 3/2 O2(g)   2 H2O(l) + CO2(g)
The value of S for the reaction is -19.3 cal/mol-degree at 25C.



Hf
S


kcal/mole at 25C
cal/mole-degree at 25C



-------------------------
----------------------------------


CH3OH(l)
-57.0
30.3


H2O(l)
-68.3
16.7


CO2(g)
-94.0
51.1

(a)
Calculate G for the complete combustion of methanol shown above at 25C.

(b)
Calculate the value for the equilibrium constant for this reaction at 25C.

(c)
Calculate the standard absolute entropy, S, per mole of O2(g).
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Standard Entropy


Substance
cal/deg mole

N2(g)
45.8


H2(g)
31.2


NH3(g)
46.0

Ammonia can be produced by the following reaction:

N2(g) + 3 H2(g) ( 2 NH3(g)
The Gibbs free energy of formation Gf of NH3(g) is -3.94 kilocalories per mole.

(a)
Calculate the value for H for the reaction above 298K.

(b)
Can the yield of ammonia be increased by raising the temperature? Explain.

(c)
What is the equilibrium constant for the reaction above at 298K?

(d)
If 235 milliliters of H2 gas measured at 25C and 570 millimeters Hg were completely converted to ammonia and the ammonia were dissolved in sufficient water to make 0.5000 liter of solution, what would be the molarity of the resulting solution?
