Ch341, Fall 2008 Test 2
Prof. Shattuck Name

R= 8.314 somethings = 0.08206 L atm thisl* = 0.08314 bar L K mol
1 atm = 1.013xTON m*

Part 1.
Answer 4 of the following 5 problems. If you answeore than 4, cross out the problem that you
don’t want graded, otherwise only the first 4 vadl graded. (8 points each)

1. What is the molecular interpretation of the ta@hstant in the Van der Waals equation of
state?

Answer: The Van der Waals a coefficient is a measuiatefmolecular attractions.
2. A reversible Carnot cycle is illustrated beldsive a rough sketch of the progress for a

reversible Carnot cycle on a plot of entropy vertgusperature. Label the steps I-IV so that you
can compare with the figure at left. Also indictte starting point.
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3. The activity of 15 ACE inhibitors was fit usitige following two alternative QSAR models.
The regression coefficient for each QSAR modelvsery Which model is the best model and
why? Or, rather, are both useful and valid?

Model 1: activity = 4.34 + 0.34 logP — 0.12 ASAR.31 dipole + 0.21 &, r* = 0.897
Model 2: activity = 2.32 + 0.61 logP — 5.61 MR ¥ = 0.664

Answer: With 15 observations you can have at most 3rgascs; Model 2 is the only valid
model. (Model 1 is said to be overdetermined.)



4. One mole of an ideal gas at 298.2 K triplesaisime in an isothermal irreversible expansion
against B = 0. Calculate the changes in entropy of the gysted the surroundings

T Vv . : .
Answer: From Eq. 13.2.10AS =G InT—i +nR Inv—i for any process in an ideal gas. For this

isothermal process:

Vv
AS = nR Inv—i = (1 mol)(8.314 JRmol*) In3=9.13J K

For an isothermal expansion in an ideal gas g =-Qysince B:= 0. For the surroundingss.g
=—q givingASsyr = — 9/Teurr = 0.

5. For the work dw = —dg dV. Under what circumstances can you substitute Pey?

Answer: For any reversible process P &.RThe pressure need not be constant.)

Part 2
Answer 4 of the following 6 problems. If you answeore than 4, cross out the problems that
you don’t want graded, otherwise only the first il ne graded. (16 points each)

6. A sample consisting of 1.00 mol of an ideal gith C,= */» nR is initially at 3.25 atm and
310. K. The initial volume is 7.83 L. The gas urgtess a reversible adiabatic expansion until its
pressure reaches 2.50 atm. Calculate the finahwe|temperature, axl for the process.

Answer: For an adciabatic expansion in an ideal gasOgAt) = CAT, AH = GAT, and from
Eq. 9.8.19, (T/T1) &= PyPy. For an ideal gas, & C, = nR, giving®/ng = %2:
T,= T, (P/P1) 5 = 310. K (2.50/3.25F = 310. K (0.906) = 2791 K

AU = CAT =3/, (1.00 mol) (279.1 — 310. K) ¥, (1.00 mol) (-3 K) = -64.3 J
AU = -0.64 kJ

The final volume is given by the equation of stat¢he final conditions:
V = nRT/P = (1.00 mol)(0.08206 L atri*kmol™)(279.1 K)/2.50 atm = 9.16 L
Alternately, the final volume is given by Eq. 9.82P, V¥ = PV, with y = °/5;

Vo= Vi (P/Ps) 5= 7.83 L (3.25/2.5f = 9.16 L

ouU ouU
7. Show that(a.l.jp =C + (anTVa



Answer: The total differential of the internal energythvi/ and T taken as the independent
variables:

oU oU
du _(GT)V aT +(8V)T dv 9.4.3

“Dividing” both sides of the equation by dT at ctarg P gives the partial derivative we are
looking for:

oU oU) dT (oU) dV
( aT)p . (8ij s (av)T = (cst. P) 9.4.4
where dT/dT is equal to one and the new derivasia constant pressure:
oU oU oU\ (oV
5=, (&) &, 945
The definitions of the constant volume heat cagawid coefficient of thermal expansion are:
ou _1(av v\ _
C = (GT)V a=y (GTJP or (aij =Va 7.6.8

Substitution using the coefficient of thermal exgian and the definition of heat capacity gives:
ouU ouU
(aTjP =G+ (aVJTVG

8. The standard enthalpy of combustian25.0C, of the solid amino acid alanine is

—1623. kJ/mol. The formula for alanine is pHH(CH;)COOH. The products of the combustion
are CQ(g), HO(l), and N(g). The enthalpy of formation of G@) is —393.51 kJ mdland for
H,0(l) is —285.83 kJ mdl Calculate the enthalpy of formatifor alanine.

Answer: The balanced combustion reaction is:

NH2CH(CHz)COOH (s) %/, O, — 3 CQy (g) + /2 H20 (I) + %2 Nx(Q) units
AH° X 0 -393.51 -285.83 0 malt

ThenAH = AcomiH = [Zproducts] — Ereactants] = [3(-393.51) #,(—285.83) + 12(0)] =[x + 0]
—-1623. kJ/mol = -2180.8%J mol* — x
AH° = x = -558. kJ mot

9. The standard enthalpy of combustian25.0C, of the solid amino acid alanine is

—1623. kJ/mol. The formula for alanine is pH(CH;)COOH. The products are G(@),

H,O(l), and N(g) (the same reaction as problem 8). Calculatentieenal energy of combustion
of alanine.



Answer: From the last problem, for the gas&sy = [3 + ¥5] — [*/2] = -%, = -4. Then from Eq.
8.3.2, AH =AU + AngRT:

AU = AH —AngRT = -1623. kJ/mol — (-4)(8.314 J'xmol™)(1 kJ/1000 J)(298.15 K)
= —1623. kd/mol + 9.9 kJ ot -1613. kJ mot

10. Calculate the molar entropy change for the plvassition of water liquid to water vapor at
room temperature, 298.15K, and one atmosphereyed30 (I) - H,O (g). The constant
pressure heat capacity of liquid water is 75.3"tol* and for water vapor is 33.6 J'nol™.
The standard enthalpy of vaporization of water7a.85 Kis 40.7 kJ mot.

Answer: The phase transition is:

H.O (1) - H20 (g) units
Com 75.3 33.6 JKmol*

giving AyCp = -41.7 J K mol®. The change in entropy for vaporization at themmirboiling
point, where the process is at equilibrium, is:

AgH  40.7 kJ mo(1000 J/1 kJ) 1
T = 37315 K = 1091 J K™ mol

AtrS =
Then correcting to room temperature using Eq. 72.3.

T
DySr, = DySt + AtGC In T_i

=109.J K* mol* + (-41.7 J K mol™) In%’ig

=109.+ 9.36 J K molt = 1185 J K! mol*

11. Show tha 6_Hj :(G_U) +P —i
ov T ov T KTt

Answer: Assume that the H in the numerator is the “naisptl” variable, since U is a function of
T and V, not H. Using the definition of the enthakh= U + PV and the product rule:

), ~(6v], +Plov), v 50
oV); OV ov); ovV/);
Then @V/dV)r = 1. The definition of the isothermal compresgipiis:

__1fav oo (0P) _ 1
KT=_V(6P)T giving (@VJT__VKT 7.6.9

Substitution of the isothermal compressibility give

) ~(6v), P
ov T ov T KTt



