Problem Set #4 B Chemistry 1022008
Solutions

Whitten:
13.71.
Thefollowing daa are given for ethanol:
Melting point: -117AC
Boiling point: 780 (C
Critical Temp: 243atm
Critical pressure: 63 atm

Assume that the triple point is dightly lower in temp than the melting point and that the
vapor pressure at thetriple paintis 10° torr.
(a) sketch the phase diagram
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(b) Ethanol at 1 atm is compressed to 70 atm at 140(C, is there a phase change?

As can be seen from the plot above the sample will go from the gas phase to the liquid
phese.

(c) Ethanol at 1 atm is compressed to 70 atm at 270(C, is there a phase change?

In thisingance, NO. This temperature is highea than the critical temperature, so there is
no distinction between gases and liquids




33.

From thefollowing enthdpies of reaction,

AHyxp (K]J)
CaCO3(s) —. CaO(s) + COx(g) -1781
CaO(s) + HyO(f) —— Ca(OH)a(s) . -653
Ca(OH)y(s) —— Ca?*(aq) + 20H-(aq) 162

find the enthdpy of reaction for

Ca’*(aq) + 20H-(aq) + CO2(g) — CaCO3(s) + Hy0(#)

We need to adjust the given thermochemical equations, both in direction and amount, 30 that they
add to give the desired equation. In this case, we reverse all three equations (changing the signs of
their AH values) and then add.

AHpxp (K]
—(eq 1) Cal(s) + COa(g) — CaCOs(s) -(-178.1)
—(eq2) Ca(0OH)2(s) — Ca0(s) + HyO() - (-65.3)
—(eq3) Ca’*(ag) + 20H7(ag) — Ca(OH)a(s) —(-16.2)

Cal*(aq) + 20H(ag) + CO2g) —— CaCO3(s) + Hi0(f)  AHpy =[239.6 K|

51.
Estimate! H for thebuming of onemole of butane, usng bondenergies.

AHSz, =[3BEcc + 10BEcy + —BEoo] - [BEco + 10BExo]

= [3(346) + 10(413) + 1,_3(498)] — [8(799) + 10(463)] = [-2.617 KJ/mol xn |

79.

Assuming tha the gases are idedl, calculate the amount of work done(in joules) in each
of the following reactions In each case, is the work doneon or by the system?
(@ A reaction in the Mond process for purifying nickel tha involves the
formation of the gas nickel(0) tetracarbonyl at 50-100;{C. Assume one mole of
nickel andis used and a condant temperature of 75;C is maintained.

Ni(s) +4CO(g)" Ni(CO)4(9)

(b) The convasion of one mole of brown nitrogen dioxide into colorless dinitrogen
tetroxideat 8.0;C.

2NO2(9) " N204(9)



w =—PAV = -P(Vy — Tj). Assuming that gases are ideal, that the volumes of solids and ligquids
are negligible compared to those of gases, and that the change occurs at constant T, we can write

w = —{ARJRT, where

An = (moles of gaseous products) — (moles of gaseous reactants) in the balanced chemical equation
and w is the work for the amount of reaction shown in the balanced equation.

We then adjust the result for the amount of reaction specified.

{1 -4)mol gas 83147
(A) W = —[ARRT = — ol En X molE X 32K = +5680 mol xn

Work is done on the system, consistent with the positive sign.

) . +8620 7 1 mol mEn _
For 1 mol Nireacting, W = .polom X Tmol i = |+EE|EG Timol Wi

{1-2)mol gas 83147 _
b} w = —(AMRT = - ol En X molE X 283K = 42353 Fmolrxn

Work is done on the system, consistent with the positive sign.

i ) +235337 lmolmEn
For 1 mol NOj reacting, W = poimm = 7 mol NO; = |+ll’.-‘5].n'n1ﬂ1 ED;|

87.

a. Two equd sized flasks, A&B, are connected viaatube Suppo® you put onemolecule
ingde, wha istheprobability that it will bein either flask A or in flask B.

b. What isthemod likely distribution of 1200molecules between thetwo flasks? What is
thearranganent with the highest entropy?

c. Wha isthe probability tha all molecules will bein flask A?

(a) Thereis a1 in 2 chance the molecule will be in flask A (1/2, 50% or 0.50 chance). There is the
same probability for the molecule to be in flask B.

(b) The most likely distribution of the 100 molecules would be for 50 molecules to be in each flask.
This amount would correspond to the highest entropy.

(c) The mathematical expression would be: Molecules in flask A = (1/2)"**



1. Reminiscent of lab?

a The specific heat capacity of duminumis 0.900 JgC at 25@C. When a 20.0 g
chunk of auminum heated to 100 is added to a water-filled calorimeter at 250C, the
temperature of the calorimeter rises by 3.00C. Wha is the heat capacity of the
calorimeter? (Note that that the calorimeter can be consdered the combination of water
and container in this problem).

Qcalorimeter = ~Qaluminum = -Csm! T =-(0.900Jg{C)(20.0 g)(280C B100C) = 1300J

Cca|orimeter = qca|orimeter/! T - (1300J)/(+3.0 ':C) - 430 J/OC-

b. A 6.00 sample of anmonium nitrate (NH4NO;) is added to the same calorimeter
described in GQ The temperature decreases from 25.00C to 2050C. What is the molar
enthdpy of solution of ammonium nitrate?

qca|orimeter - Cca|orimeter! T = (430\]/'::(:)(205'25.0@ = '1900J
Oreaction = ~Ocalorimeter = 1900J
I Heoot = (+1900J)/(6.00 g/96 g/mol) = +30,000 J/mol

2. a A rigid 224 L flask containing 1.00 mol of He is raised in temperature
from 273K to 298K.
(i) How much work is doneby the system?
w =-P! V =0 (theflask does not changevolume)

(it) How much does theinternd energy of the hdium sample change?

Because it@ an ideal gas, there are no interactions D the internd energy is the
kinetic energy.

| E=3/,nR T = 1.5(1.00 mol)(8.3145JmolK)(25K) = +312 J

(iii) How much heat mug betrangerred to the flask?
l'E=q+w=q=+312J

(iv) Wha isthemolar heat capecity of hdium at congant volume.
g=nc! T =(1.00mol)c(25K) = 312J
¢=12.5 J/molK

b. Consde the same system, except tha the 1.00 mol of He is now in a
cylindea tha may expand agang a congant externd pressure of 1.00 atm. The
sample is heated from 273 K to 298 K. (i) How much work is done by the
system?

w=-P'V =-P(nRI T/P) =-nRI T =-(1.00 mol)(8.3145JmolK)(+25K) = -208 J

(i) How much doestheinternd energy of the sample change?



| E=3,nR T = 1.5(1.00mol)(8.3145JmolK)(25K) = +312 J

(iii) How much heat mug betranderred to theflask?
g=!E-w=312J-(-208J) =520J

(iv) Wha isthemolar heat capecity of hdium at congant pressure.
g=nc! T =(1.00 mol)c(25K) =520J
¢ =20.8 J/molK

3. Briefly, in asingle sentence each, explain why each of thefollowing processes are
enthdpically favorable, unfavorable or neutral (you should not need any thermodynanic
tables).

a Water freezing

Due to the formation of stronge intermolecular forces between molecules in the solid,
thisis an enthdpically favorable process (note tha it requires heat to reverse the process).
b. Splitting water to make H, and Os.

H, and O, release an enormousamount of heat when the react (think Hindenberg), thus
the bondsin H,O are stronge than those in Hy and O,. This is an enthdpically
unfavorable reaction.

C. Conveting Cl; to two atoms of Cl.

Breaking bondsrequires energy- enthdpically unfavorable.

d. Mixing cold and hot water togeher.

Tricky question, but if you think of it, the heat is smply consrved within the two
samples, so thisis neutral.

e. Theconveasion of doubk-stranded DNA into single-stranded DNA.

DNA is hdd togeher by intermolecular forces Bso thisis enthdpically unfavorable.



