5.1
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Chapter 5 Homework Solutions

Initial: Determination of nw (moles water) and ne (moles ethanol).
Assume 1 L = 1000 cm? of solution.

m,, =1000mL- 0'19”114'_9 =914

mw = 0.50 x 914 =457 g
me =0.50 x 914 =457 g

n, =457g-2M% _ 25 4mol
189

ne =457 g-2M% _ g 93mol
469

Calculation of Ve (Partial Molar Volume of Ethanol in solution)
V =1000 cm?®
Vw = 17.4 cm®/mol

VeE=7?
VonVo+nV, — Vo= MV
nE
3 3
V. :10000m (25.4mol)(@@7.4cm® / mol) _56.2em? / mol
9.93mol

Note: The arbitrary assumption of 1000 cm? solution has no effect on answer. For
example, if we started with 100 cm?, the volume would be reduced by factor of 10.
However, the numbers of moles of both components would be reduced by same factor.
The final result would be the same.

We will determine the (i) the mole fraction of Benzene, (ii) the number of moles of X,
(iii) the Molar Mass of X, in that order.

(i) xx (mole fraction of the unknown, X)

_ pg _51.5kPa

=X, P2 > X, =-B= =0.966
Pe = %aPs ° py 53.3kPa
(ii) nx
ng =5009 Amol _ 6.41mol
789
x,——= 5 09p6——041
Ng + Ny 6.41+n,

_ 6.41-6.41(0.966)

Ny =0.226 mol X
0.966




(iii) Mx
X :m_X:lg—g:84g/mo|
n, 0.226mol

5.3 T°(CCls) =-22.9°C, K¢(CCls) =30°C/m , Tr=-33.4°C
ATi=Ti°-Tfr=-229°C-(-33.4°C)=10.5°C

We will determine the (i) the molality of the unknown, X, (ii) the number of moles of X,
(iii) the Molar Mass of X, in that order.

(i) mx (molality)

AT 0
m, =—"- = 10.5°C =0.35m=0.35mol X / kg CCl,
K, 30°C/m
(ii) nx
n, =0.35mol X /kg CCl, -0.75kg CCl, = 0.26 mol X
(iii) Mx
__mass,  100g

M, =3809/mol

n,  0.26mol

54  Kp(Benz) =2.13 °C/m. mass(Benz) = 600 grams = 0.60 kg , T’ =80.1°C, Th =81.3°C
ATb=Tbr- Ty’ =81.3°C-80.1°C=1.2°C.
We will determine the (i) the molality of Nap, (ii) the number of moles of Nap,
(iii) the the number of grams of Nap , in that order.

(i) mnap (molality)

AT, 1.2°C
m

=0.56m =0.56 mol Nap / kg Benz

N KT 2.13°C/m
(||) nNap
Ny, =0.56 mol Nap / kg Benz-0.60kg Benz = 0.34 mol Nap
(iii) Massnap

Mass(Nap)=n,.. ®« M (Nap)=0.34mol «128g / mol =43.3g

Nap

55 T1=065kPa V=010L T=208K massx=0.15g
M=[X]RT — [X]=—k = 0.65kPa ~2.62x10 mol / L
RT (8.31kPa-L/mol-K)(298K)

nx = 2.62x10* mol/L x 0.10 L = 2.62x107° mol

M, =188 O350 57300 /mol <5700 /mol
Ny 2.62x10™ mol




5.6
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5.8

N2: V=5L,T=30°C=303K,p=2.0atm

V 2.0atm)(5.0L
Ny, = PrV, _ ( ) ) =0.40mol
2 RT (0.082L-atm/mol - K)(303K)
N2: V=10L, T=30°C =303 K, p=2.0atm
V 2.0atm)(10.0L
n, = P Vb _ ( ) ) =0.80mol
2 RT (0.082L-atm/mol - K)(303K)

Ntot = NN2 + NH2 - 1.20 mol

_M,/ _040/ _ ",/ _080/ _
Xy, = A)t = 120=033, Xy, = A)t = 120 =067

A,.S = —nR[xN2 In Xy, +Xg, In tz]
=—(1.20mol)(8.31J / mol - K)[0.33In(0.33) +0.67 In(0.67]
=+6.35J /K

A,.,G =+nRT [XNZ In Xy, +Xg, In xH2]
=+(1.20mol)(8.31J / mol - K)(303K)[0.33In(0.33) +0.67 In(0.67]
=-1920J =-1.92kJ / mol

n=5mol, xn2=0.78 , X02=0.21 , xar=0.01
We’ll calculate the entropy of mixing for n = 1 mol (i.e. the Molar Entropy of Mixing)

AnS=-NRY x Inx = —nR[xN2 In Xy, +Xo, INXg, +X,, In xA,]

— —(5mol)(8.31J / mol - K)[0.78In(0.78) + 0.21In(0.21) + 0.01In(0.01)]
- 423.6J /K

T°=25.8°C, Tr=215°C , ATe(exp) = T°- T+ =25.8-21.5=4.3°C
mass(but) = 650 g = 0.65 kg

Calculation of ATx(cal)

n(acet) = 4.0 g/41 g/mol = 0.0976 mol

m(acet) = 0.0976 mol/0.65 kg = 0.150 m

ATz(cal) = Kf m(acet) = 8.2 °C/m x 0.150 m = 1.23 °C

Calculation of y
AT, (exp) =K,a = K,ym = yAT, (cal)
_AT; (exp) _43°C _ 3.50
AT, (cal) 1.23°C




