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Chapter 2 Homework Solutions

Cl, - 3 translations + 2 rotations + 1 vibration

(@) Un(rigid) = (3/2)RT + (2/2)RT = (5/2)RT , Hm(rigid) = (7/2)RT
Com(rigid) = (7/2)R = 29.1 J/mol-K

(b) Um(vib) = (3/2)RT + (2/2)RT + RT = (7/2)RT , Hm(vib) = (9/2)RT
Cp,m(vib) = (9/2)R = 37.4 J/mol-K
CeHs (N=12) - 3 translations + 3 rotations + (3x12-6) = 30 vibrations

(3) Unm(rigid) = (3/2)RT + (3/2)RT = 3RT , H(rigid) = 4RT
Cp,m(rigid) = 4R = 33.2 J/mol-K

(b) Um(vib) = (3/2)RT + (3/2)RT + 30RT = 33RT , Hm(vib) = 34RT
Cp,m(vib) = 34R = 282.5 J/mol-K
CO2 (N=3) - 3 translations + 2 rotations + (3x3-5) = 4 vibrations

(@) Un(rigid) = (3/2)RT + (2/2)RT = (5/2)RT , Hm(rigid) = (7/2)RT
Com(rigid) = (7/2)R = 29.1 J/mol-K

(b) Um(vib) = (3/2)RT + (2/2)RT + 4RT = (13/2)RT , Hm(vib) = (15/2)RT
Cp,m(vib) = (15/2)R = 62.3 J/mol-K
Vi=224L , V,=448L , T=273 K (constant) , n=1.00 mol
(@) Reversible

AU =nC, AT=0 AH=nC, AT =0
w=-nRT In(V, /V,) =-1mol(8.31J / mol - K)(273K) In(44.8/ 22.4) = -1570J
q=AU-w=+15701

nRT _ (Imol)(8.31kPa-L/mol-K)(273K)

b) Constant p (final pressure): p= =50.6kPa
(b) p ( p )P v 246

AU=AH =0
w=—p(V,-V,) =—50.6kPa(44.8L—22.4 ) = —1130kPa- L = -1130J
q=AU-w=+1130]



(€ p=0

AU=AH=0
w=-p(,-V;)=0
g=AU-w=0

2.5 p, =1.00atm -% =101.3kPa T1=300K T,=400K

&:& N p,=p —2=1013kPa4—00=1351kPa
2 ! 300
3

L, T

.
Tl
AU =nC, AT = n(z RJAT = (1.0mol)(1.50)(8.31J / mol - K)(400 K —300 K)

=1250J =1.25kJ

w = 0 (because V = constant)

q=AU-w =AU = 1.25 kJ

2.6 n=1.mol, T=100°C=373K , AvspH =40.7 kJ/mol
W = -P(Viig - Vgas) ® +PVgas = NRT = (1.0 mol)(8.31 J/mol-K)(373 K) = +3100 J = +3.10 kJ
g = AH = nAcondH = n(-AvapH) = (1 mol)(-40.7 kJ/mol) = -40.7 kJ

AU=q+w=-40.7 kJ + 3.10 kJ = -37.6 kJ

2.7 T=25°C=298 K, p=1.00atm, Reaction: Mg(s) +2 HCl(aq) — MgClz(aq) + Hz2(q)

1molMg 1molH,

=0.617mol H,
24.3g Mg 1mol Mg

We will need n(Hz) below: n(H,)=15g Mg-

W=- p{AV} =-p {Vprod _Vrct} =-p {VHZ JrVMgcl2 _VMg _VHCI} ~ = pVH2
Simplificaion above because volumes of liquids/solids are negligible compared to volumes of gases.

w=-p{AV}=-pV, =-n, RT =—(0.617mol)(8.31J /mol - K)(298K) =—-1530J ~ -1.5kJ

2.8 2 mol of W(s) requires 2 mol W x 6 mol CO/1 mol W =12 mol of CO(g). T = 150 °C =423 K

w =-P [med -th] =+PV,, = +PV,, [Consider only gas phase reactants or products]

W = -PV, = -n RT = -12mol(8.31J / mol x K)(423K) = 42,200 = +42.2kJ



2.9

2.10

n=1mol, T1=25°C=298 K, T, =200°C =473 K
Cpm=a+bT,a=20.17 J/mol-K , b = 0.37 J/mol-K?

(a) Constant Pressure [q = AH]

_AH = [*nC, dT =n["(a+bT)dT = na[T, —T,]+nb| 2 _ 1o
q= _J'Tlnp’m _nLl(a+ )dT =na[T,-T,]+n Ty

= (1mol)(20.17 J / mol - K)(473K — 298 K + (Lmol (0.37 J / mol - Kz){ > >

(473K)" (298 K)z}

=3530J +24960J =28490J ~ 28.5kJ

w=-p(V,-V,)=-pV, + pV, = -nRT, + nRT, =—nR(T, - T,)
= —(1mol)(8.31J / mol - K)(473K — 298K ) = —1450 J ~ —1.5k]

AU =q+w =28490J +(-1450 J) =27040 J ~ 27.0 kJ
(b) Constant Volume [q =AU and w = 0]

For a Perfect Gas, U and H depend only upon temperature. Therefore, the values of AU and AH
are the same as in part (a):

AU = 27040 J ~ 27.0 kJ
AH =28490 J = 28.5 kJ

Because V = constant,
w=0
g=AU=27040J ~ 27.0 kJ

Cvm=Cpm-R=37.11-8.31 = 28.8 J/mol-K.

n=2.45¢-2M _ 6 056 mol
44 ¢

T1=27°C=300K , V1=500cm®=0.50L,V,=3.00L
Let's calculate T for an adiabatic expansion. We'll need R/Cym = 8.31/28.8 = 0.289

yc\/‘m VCVm 0.289
[T_zj _ [iJ S T,=T, {ﬁ] = (300K) (@) 179K
T, )Y, v, 3.00

Adiabatic Expansion: q=0 — w=AU

w=AU =nC, (T, ~T,) = (0.056mol)(28.8 J / mol - K)(179 K —300K)
=-195J
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2.12

2.13

n=30mol , T1=260K , T.=285K , Cpm=29.4J/mol-K
Let's calculate Cvm: Cym=Cpm-R =29.4-8.31~21.1 J/mol-K
Because p = constant, g = AH

q=AH =nC_ AT =(3.0mol)(29.4J /mol-K)(285K —260K) =2205J ~ 2.2kJ

AU =nC, AT = (3.0mol)(21.1J / mol - K)(285K — 260K ) =1580 J ~1.6k]

n=100mol , Cym=20.8J/mol-K , T1=310K , p1=3.25atm , p2=2.50 atm

_ nRT,  (1.0mol)(0.082 L -atm/mol - K)(310K)
P, 3.25atm

- Com _CumtR_20.8+831
Con  Cum 208

Vl

=7.82L

=1.40

PV =pV - V) = (ﬂJV] = (%j(?.sz)”‘) =23.06 =V}
) .

V, =(23.06)""* =9.41L
T - PV, _ (250)(941) _ oo
nR  (1)(0.082)

Adiabatic: q=0
w=AU =nC, ,[T,-T,]=(@mol)(20.8J / mol - K)(287 K —310K) =-480J ~ —0.5kJ

n=0.50mol , T=250K AvapH®=26.0 kJ/mol
p = const (phase transition). Therefore g = AH

q=AH =n-A H®=(0.50mol)(26.0kJ / mol) =13.0kJ

W=—pVg —Vig) ® —PVges =—NRT =—(0.50mol)(8.31J / mol - K)(250K)
=-1040J ~-1.0kJ

AU=q+w=+13.0-1.0=12.0kJ



214  CeHsCaHs(l) + (21/2) O2(g) — 8 CO2(g) + 5 H20(l)

Ao H® =8A H(CO,) +5A H°(H,0) —[1A,H(C,H,C,H;) +(21/2)-0 |
= 8(~393.5) +5(~285.8) —[1(~12.5)] = ~4564.5kJ / mol

2.15  For N2(g), a=1.35 L?-atm/mol? , b =0.039 L/mol
n=2mol, T=298K,V1=100L , Vo=248L

Internal Energy (AU)
() e
Tolav ), v?

2 V2
AU :.[Vz ﬂ dVv = Vzﬂdvznza _l :nza i_i
w oV ), Vi V? Y, vV, V,

V)

AU = (2mol)?1.35L% -atm/ mol? ! - !
1.00L/mol 24.8L/mol

101J
1L-atm

=5.18L-atm- =523.J

Work (w)

n’a nRT n’a
+—2(V-nb)=nRT — p= L
[p vzj( ) SEVEYSVE

1
V —-nb

v, v, nRT n%a
W=—.[V1 pdV =- {

——} dV =—nRT jvv

- dv + nzaj.vzidv
V-nb V V

Vi

V2

W:—nRT[In(\/—b)]zz+n2a[—l} RS T Sl N
1 vV, V, —nb v, V,

w=—(2mol)(8.31J / mol - K)(298 K) In 24.8-2:0.039 +(2mo|)2(1.35L2-atm/molz) o1
1.0-2.0.039 1.0L 248L
101J

=-16,290J /mol + (5.40 L -atm/mol)- =-16290J + 545

1L-atm
=-15,745J =-15.7kJ / mol

Note: Observe that the work is less negative than it would be if there were no attractive forces
(i.e. ifa=0). This is because some of the work energy released in the expansion must be used
to pull the attractive molecules further from each other.



Heat ()

AU = +523 J/mol
w = -15745 J/mol

q =AU - w = +523 -(-15745) = +16,268 J/mol ~ +16.3 kJ/mol

PV (1.0atm)(22.4L)

216 T, =-+1= =273K
nR  (Imol)(0.082L-atm/mol - K)

T, - PV, _ (1.0atm)(44.8L) 546K
nR  (Imol)(0.082L-atm/mol-K)

T A (0.50atm)(44.8L) 973K

nR ~ (1mol)(0.082L-atm/mol -K)
C, . =(3/2)R=15(8.313 /mol -K)=12.5J /mol - K
Com=C,n+R=125+8.3=20.8] /mol-K

p.m
Step 1 — 2 (Constant Pressure)

101J
1L-atm

AU =nC, , (T, —T,) = (Imol)(12.5J / mol - K)(546 K — 273K = +3410J
qg=AH=nC, (T2 —Tl) =(1mol)(20.8J / mol -K)(546 K —273K) = +5680 J

w=—p(V,-V,) = (-1.0atm)(44.8L—22.4 L) = —22.4L -atm- =-2260J

Step 2 —» 3 (Constant Volume)

w=0
q=AU =nC, (T, ~T,) = (Amol)(12.5J / mol - K)(273K —546 K) = -3410 ]
AH =nC_ (T,-T,)=(mol)(20.8J /mol-K)(273K ~546 K) = -5680J

Step 3 - 1 (Isothermal)

AU=AH=0
w=-nRT;In(V, /V;) =—(1mol)(8.31J / mol - K)(273K) In(22.4/ 44.8) = +1570J
qg=-w=-1570J

Totals:
AUt = AU1552 + AU253 + AU3 51 = +3410-3410+0=01J
AHyot = AH1-52 + AH253 + AH3,1 = +5680 -5680 +0 =0 J
Wiot = W12 + W3 + W31 =-2260 + 0 +1570 = -690 J
Qtot = Q12 + Q23 + (31 = +5680 - 3410 -1570 = +700 J



Note: As expected, AUt = AHtwt = 0 around the cycle.
U and H are State Functions

However, guot # 0 and wioet = 0 around the cycle.
g and w are not State Functions

To within roundoff error, Wit + Qrot ~ 0 because ot + Wiot = AUtot = 0
217 n=10moal
Note: The initial temperature and pressure (required for the calculation) was not given

in the problem. We’ll use T1 =298 K, p1 = 1.0 atm.

~ nRT,  (Amol)(0.082 L -atm/mol - K)(298K)
P, 1.0atm

v, =24.4L

Com = (7/2)R = (7/2)(8.31) = 29.1 J/mol-K
Cvim=Cpm - R =29.1 - 8.3 = 20.8 J/mol-K

Step a: Constant volume heating to p. =2 p1 = 2 atm

TPy ., 1,227, = 2(208) = 596 K

. p

w=0

q=AU =nC, , (T,-T,)=(mol)(20.8J / mol - K)(596 K — 298 K) = +6190 J

AH =nC_ . (T,~T,) = (tmol)(29.1J / mol - K)(596 K — 298 K) = +8670J

Step b: Adiabatic Expansion from T, =596 K back to Tz =298 K

q=0
w=AU =nC, . (T, ~T,) = (Lmol)(20.8J / mol - K)(298 K —546 K) = ~6190 J
AH =nC, (T, ~T,) = (Lmol)(29.1J / mol - K)(298 K ~546 K) = —8670J

We’ll need V3 for last step.

R Cy /R 20.8/8.31
ANCALE LV [T =(5;96j 566
T, )7\, v, (T, 298

Vs =5.66 V2 = 5.66(24.4) = 138.3 L



Step c: Isothermal Compression fromV3;=138.3LtoV1i=224L

AU=AH=0
w=-nRT In(V, /V,) = —(Lmol)(8.31J / mol - K) In(24.4/138.3) = +4300 J
q=-w=-4300J

Totals:
AUt = +6190-6190+0=0
AHiot = +8670-8670+0=0
Wiot =0 - 6190 + 4300 =-1890J % 0
Qtot = +6190 + 0 -6190 = +1890 J = 0



