Solutions 7

1. For an ideal solution,
ua - s = RT Inx, = (8.3145 J K™ mol™")x(353.25 K) In(0.30) = -3.536 kJ mol”’
ax=pa/ pA* YA XA =PpA/ pA* DPA = YA XA pA*
At the normal boiling point, p5~ = 1 atm = 760 Torr
pa=0.93 x0.30 x 760 Torr =212 Torr

2. A,.S=-nR(x,Inx, +xz1lnx,) Xg=1-x,
A,.S=-nR(x,Inx, +(1-x,)In(1-x,))
AB S _ —nR(Inx, +1-In(1-x,)-1)=-nRIn *a
dx , 1-x,
The maximum An;S 1S reached when M = O, 1.e. at XA =1
dx , l1-x,

Therefore, xo = xg = 0.5
(a) hexane and heptane should be mixed each with the mole fraction of 0.5.
(b) to have the same chemical amounts of hexane and heptane, their mass ratio should be

equal to the ratio of their molar masses:
m(hexane) / m(heptane) = M(C¢H14) / M(C7H16) = (86.17 g mol™) / (100.2 g mol™) = 0.86

3. For ideal mixing,

A,G =nRT(x,Inx, +x51nxy)

xa=025(MCH)  xg=0.75 (THF)

AmixG (ideal) = (4.0 mol)x(8.3145 J K mol™)x(303.15 K)x {0.25In(0.25) +
0.75In(0.75)} = -5.67 kJ

G" = RTx(1 — x){0.4857 — 0.1077(2x — 1) + 0.0191(2x - 1)’}  x=0.25

G"=0.1021RT=0.257 kJ mol”" (note that G* is a molar quantity)

AnmixG (real) = ApixG (ideal) + nG" = (-5.67 kJ) + (4.0 mol)x( 0.257 kJ mol™) = -4.6 kJ

4. Using the mole fraction in the vapor phase, we can calculate partial vapor
pressure of each component:

va =pal/(pa + pp) =pa/101.3 kPa=0.314  pr=0.314x101.3 kPa=31.8 kPa
ps=p —pa=101.3 kPa—31.8 kPa=69.5 kPa

an =pa/pa* =31.8kPa/73.0 kPa=0.436

ag = pp/pp™ = 69.5 kPa/92.1 kPa=0.755

va = aalxa =0.436/0.220=1.98

v = ax/xg = 0.755 /(1 — 0.220) = 0.968



Iw(b .
Foran M,X, salt, b, /b° = pb/b°, b_/b® = gb/b°, so
_ 1 2 2 bi
I= E(PZJ, +qz_)b—@
I=I(K;[Fe(CN)]) + I(KC1) + I[(NaBr) = (1/2)(3 + 3%)b(K5[Fe(CN)])/b° +
b(KC1)/b° + b(NaBr)/b® = 6x0.040 + 0.03 + 0.05 = 0.320

6.
1/2
Alz z |
The extended Debye-Hiickel law: lﬂg Y. =— 73
1+ BI"
1 5 ;
A=0509 z-=+1 r=-1 I = ;E :'.f(.bf F}E)= b/b°
. @12 -'
D.:DQ(E;_,- b 1 0.500
logy_=- — B=—|———5+
1+ B (b F.?B) [ b/ hﬂ) logy.
Construct the following table: |
bimmol kg™ 5 00E-03 1.00E-02 2.00E-02
(BB 0.070710678 0.1 0141421356
Y= 0.93 0.907 0.879
log 1= -0.031517051 -0.042302713 -0.056011125
B 2007852292 2006780522 2016412389

Thus, B 1s close to 2.01.

7. Denote the mole fraction of methylbenzene as xy and mole fraction of

dimethylbenzene as xp. xp=1-xm

According to Raoult’s law, Pm= prM* Pp = xDpD*
When the mixture the mixture bolis at 0.5 atm, the total vapor pressure should be
0.50 atm (380 Torr):

P=pPu+po=xupu +xopp =xupu + (1 —xw)pp’
xm=(@—pp )(pm —pp ) = (380 Torr — 150 Torr)/(400 Torr — 150 Torr) = 0.92
XD = 1 —XM — 0.08

Vapor composition (according to Dalton’s law):



Y = pumlp = xmpu /p = 0.92x(400 Torr)/(380 Torr) = 0.968
yp=1-ym=0.032

8. At the boiling point the total vapor pressure of solution should be 1 atm =760
Torr. For an ideal solution, according to Raoult’s law,

P=pa+ps=xapa +xpps =0.6589%(957 Torr) + (1 — 0.6589)x(379.5
Torr) = 760.01 Torr = 760 Torr

Therefore, the solution is very close to ideal.

Va =palp = xapa /p = 0.6589x(957 Torr)/(760 Torr) = 0.830

YB = 1 — VA~ 0.170

9. Retrace the argument given in the derivation of van’t Hoff’s equation for
osmotic pressure in the text. At equilibrium,

ua(p) = ps(x,,p+1)
For a real solution, u= M* +RT Ina

w(p) = i(p+ )+ RTIna, = ) (p)+ [V, dp+ RT Ina,
Therefore, f ;+H dep =—-RT Ina A

p+I1
For an incompressible solution, f Vdp=I1V ,so IIV =-RTIna,
p

XA

The osmotic coefficient is defined as ¢ =——1Ina,
Ap
Xp g
IV =RT¢p—==RTop—+~ (because ng << n,)
Xa Ny
ITV n, = RT¢n, Vin =V I1V = RT¢n,

n :
—B = [ B] - molar concentration of solute. Therefore, we obtain

I1= RT¢[B]



