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CHEM 361 HANDOUT#5 

October 9, 2018 OBJECTIVES FOR EXAM 2 
 

Exam 2 is on Friday the 12th of October, 7:55-8:55 am in the usual meeting room.  It is over chapters 3, 4, 

equation 5.37 of chapter 5, and pp 241-247 of chapter 7.    You may bring a 4 x 6" sheet of notes (both sides) for use 

during the exam. 
 

Know or be able to: 
 

Chapter 3. 
 

1. The three laws of thermodynamics in words and the associated equations. 

 

2. That dS = dqrev/T and therefore that ΔS = ∫(dqrev/T); ΔS  Cp ln(T2/T1) for heating anything at constant 

pressure.  What is it for heating anything at constant volume?  General principle for measuring or calculating 

ΔS, i.e., that S is a state function and any reversible path between the two states of interest may be used. 

 

3. Calculate the maximum efficiency of a heat engine, given the temperatures of the hot and cold reservoirs. 

 

4. For an isothermal volume change of an ideal gas, ΔH=0 and ΔS = nRln(V2/V1) or 

  ΔS =  -nRln(P2/P1).  Use with 2. above to calculate ΔS for any ideal gas process.  Similarly, for isothermal 

concentration changes of ideal solutions, ΔH = 0 and ΔS = nRln(C2/C1). Thus,  ΔG = nRTln(C2/C1). 

 

5. Calculate ΔS for chemical reaction and phase changes from Tables A.5,6 and 7. 

 

6. The definitions of Gibbs free energy (G = H TS) and Helmholtz free energy (A = U TS). 

 

7. Calculate ΔG0 for chemical reactions from a table of ΔGf
0 values. 

 

8. Under what conditions ΔG predicts the spontaneity of a process and under what conditions ΔG is equal to the 

non-expansion work (wother, i.e., wnon-pV) absorbed by the system.  

[Recall that at constant T and p, with p = pext   ΔG = TΔSuniverse + wuseful , and that ΔSuniverse = 0 for a reversible 

(equilibrium) process; that there is maximum work done by the system in a reversible (equilibrium) process if 

ΔG is negative; that G is a state variable.]  

 

9. Implications of having ΔH and ΔS with various sign combinations, e.g., if both ΔH and ΔS are negative, the 

process will be spontaneous at low temperature but not at high temperature, etc. 

 

10. Describe ionic, dipole, London dispersion, van der Waals, hydrogen bonding, and hydrophobic interactions.  

Know approximately the typical magnitudes of energy involved in these interactions and those for covalent 

and ionic chemical bonds. 

 

11. Given an expression such as dF = Bdx + Cdy, give the expression for the partial derivatives of F with respect 

to x and y.  Write the relation between the partial derivatives of B and C that this equation implies (Maxwell 

relation).  Also, write an expression for the partial derivative of F with respect to y or x at constant z.  

                                                                                                     

12. Boltzmann's Equation: S = kBlnW, where kB is Boltzmann's constant = R/Avogadro's number and W is the 

number of micro states available to the system; use it to calculate absolute entropy if given W. 

 

13. Definition of partial pressure of a gas, i.e., that it is just RT times the molar concentration.  What is meant by 

vapor pressure of a liquid. What is boiling.  In other words, describe in detail the boiling phenomenon, 

including under what conditions a liquid will not boil when it is above its boiling point. 
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Chapter 4 
 

1. LeChatlier's Principle and how to use it the check for sign errors when using the Van’t Hoff equation and other 

equations involving changes in equilibrium. 

 

2. That ΔG =  ΔG0 + RTln(Q/Q0)  where Q is the product of activities (concentrations times activity coefficients) 

of reaction products divided by those of reactants, and Q0 is when all reactants and products are in the standard 

states that were used for ΔG0. 

 

3a.  That Qequil/Q0 = K (by definition) so that ΔG0 = RTlnK because ΔG = 0 at equilibrium. Remember that this is 

exactly the same thing as saying that K = e-ΔG0/RT because logarithm and exponent are synonyms. (Remember 

that logarithms, i.e., exponents must be dimensionless.) 

 

3b.  The Boltzmann distribution (or factor):  N2/N1 = (g2/g1)e
-(U2-U1)/RT =if the units U are energy per mol, and   

N2/N1 = (g2/g1)e
-(U2-U1)/kBT if the units of U are in energy per molecule.  N2 /N1 is the ratio of molecules in two 

different energy levels.  Calculate N2/N1 from this equation, given the difference in energy between the levels 

and the temperature. g1 and g2 are the degeneracies of the levels, i.e., the number of states with energies U1 and 

U2 respectively.  Use R if U is molar energy, but use Boltzmann constant, kB , if energy is a molecular energy 

(sometimes indicated as ).  Realize that the ratio of molecules = ratio of concentrations = ratio of pressures (if 

gas). Recognize that N2/N1 is an equilibrium constant, and therefore that (g2/g1)e-ΔU/RT is essentially the same as  

e-ΔG0/RT, especially in liquids and solids when there is very little difference between ΔU and ΔH. 

 

4. Calculate ΔG0 from given K and T and calculate K given ΔG0 and T (careful with units; remember that R is 

usually in J but ΔG is often given in kJ).  Also, at 298 K, each 5700 J of free energy changes K by a factor of 10.  

Large negative ΔG0 must lead to large K and large positive ΔG0 gives very small values for K.  (-57 kJ/mol gives 

K= 1010; +57 kJ/mol gives 10-10) You will lose 25 % on an exam problem for units and sign errors on this kind of 

problem. 

 

5. Write an equilibrium constant expression for reactions involving liquids, solids, solutes, and gases. 

 

6. Given ΔH0 for a reaction and K at a certain temperature, calculate K at another temperature.  (Van’t Hoff Eq.) 

Remember to use LeChatlier’s Principle to avoid getting the result backward from a sign error. Caution:  The 

temperature dependence of K cannot be found from assuming ΔG0 is constant and simply changing T in 

the equation K = e-ΔG0/RT, because ΔG0 = ΔH0 -T ΔS0.  You can, however assume that ΔH0 and ΔS0 are 

constant. 

 

7. Definition of usual standard states: (activities = 1) for standard states 

a) gases:  1 bar and ideal (i.e., hypothetical) 

b) solutes: 1bar external pressure, 1 M concentration, but ideal (as if very dilute). This is also a hypothetical 

state. 

c) liquids and solids: 1 bar and pure (X = 1) 

d) Biological standard state: same as above except [H+] = 1 x 10-7 M and ideal.   

 

8. Concepts of activity and activity coefficient.  Calculate ΔG, given ΔG0 and activities or activity coefficients and 

concentrations for reactants and products of a chemical reaction. Calculate equilibrium concentrations, given K 

and the activity coefficients for simple reactions.   

 

9. Hess's Law and how to use it for calculating ΔG0 and K for coupled reactions (Probs 4.2, 4.3). 

 

10. Relation between ΔG and ξ (the cell potential in volts). 

 

11. From Table 4.4, calculate the ξ0 or ξ0' for a chemical reaction. 
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12. From ξ0 values for half reactions in Table 4.4, use Hess's law and charge balance to find the number of moles of 

electrons, and thus find ΔG0 or the equilibrium constant. 

 

13. The Nernst equation and that it is just ΔG =  ΔG0 + RTln(Q/Q0) or  

ΔG = ΔG0'+ RTln(Q/Q0')  divided by the Coulombs transferred by the reaction, -nF, where F is the Faraday 

constant, 96,485 Coulombs/mol. 

 

14. From the Nernst equation, find ξ or ΔG at any given set of concentrations if ξ0 or ΔG0 is given.  Know that if the 

biological standard state is used, Q0'= (10-7)m where m is the number of H+ in the balanced equation, e.g., m= +2 

if 2 H+ are produced, and m = -2 if  2H+ are used.  As a result, if pH is 7, H+ will cancel out of Q/Q0'—but only if 

pH = 7.  If pH is not = 7, the H+ concentration will not cancel. 

 

15. Do a general problem like S2 of homework#2, in which you are asked to find  the sign of ΔH, ΔU, ΔG, ΔS, 

ΔSsurr, ΔSuniv, w, and q for a spontaneous process for which the system is clearly becoming more ordered : a) at 

constant T and P, with p = pext and wuseful = 0, and (b) for a process in an isolated system in which the sign of 

some (but perhaps not all) quantities may be deduced. 

 

General:  Be able to work problems of the type given as homework.   


