Exc.1 AG, = V,Ap

m

0.95 g cm™

. 891:51kg mol™! — 938 ecm?® mol~! =9.4 X 10-¢ m® mol™!

Ap=gph=9.81ms?x1.03x10* kg m3x2.0x100m=2.0x10"Pa

AG, =9.4x 10" m*mol™' x2.0 X 107Pa=+1.9x 10*Jmo

Exc.2 AG,=RTIhZ [33]
bi

(@) AG,=8.3145J K" mol™

=1.7x103 Jmol'=

(b) AG,=8.3145] K" mol

X 293 len(

+1.7 kJ mol™!

x 293 len(

=-2.0x10*J mol' =| =20 kJ mol~!

2.0 bar
1.0 bar

0.00027 bar
1.0 bar

|

=

+19 kJ mol!

Exc.3 (a) The Clapeyron equation for the solid-liquid phase boundary is

dp L AfusLI
d T T fusAfus 4

[3.5].

gl

AfusV: Vm(l) = Vm(s) = M( _)

P1 Ps
1

=18.02 gmol‘l(

=-1.634 cm? mol~
=-1.634 x 10° m?

1

mol~!

0.99984 gem™ 091671 g cm‘3}



dp 6.008 x 10%J mol”! %
AT (@273.15 K) x (-1.634 x 10 m* mol™') :

=—1.346 % 107 Pa K-' =|-134.6 bar K-!

gative slope that is caused by the decrease in vol,

.
destroys some of the hydrogen-bond scaffo|q € thyy

The slope is very steep with an unusual ne
ing lhat

occurs when ice melts. The melting process
holds ice in a larger molar volume.

(b) AP 1346 bar K-
AT

For AT=—1K, Ap = 134.6 bar. Consequently, p =p;+Ap = 1.0 bar + 134.6 bar =| 135,6 bar|,

Exc.4 (a) To obtain the explicit expression for the vapor pressure at any temperature we rearrange g,
Clausius—Clapeyron equation into

d ]npz-%ﬁdT
RT2

and integrate both sides. If the vapor pressure is p at a temperature T and p’ at a temperature T,
this integration takes the form

Inp’ T’
j dlnp=J MdT
R

2
Inp T

The integral on the left evaluates to In p’ - In p, which simplifies to In( p’/p). To evaluate the integral
on the right we assume that the enthalpy of vaporization is constant over the temperature rang
involved, so together with R it can be taken outside of the integral sign. Then,

’ ad
ln.&:évﬂf LypAwfl(1 1
p R T TZ R

AsHiels -+l
or Inp’=lnp+—"—|—-—
AR AT (T T’]

(b) We use the result from part (a).

]n&:M(l_i]
p R g

with T=293 K, p = 160 mPa, and 7" =313 K; then solve for p’.

2 5930x1C@ mol (1 1 ) o
p  83145J K- mol” (293K 313K )
L —ei%5=4,74

P

'=(4.74) x (160 mPa) = 758 mPa =(0,758 Pa

]




Exc.5 (a) There s only one volume, so using the amount of nitrogen and partial pressure of nitrogen we
can calculate the volume.

25 o
L 0o

2 =m= 8.03 % 103 mol, Pn,=15.2kPa, T=300K

ny RT : :
V' =—=—[Each component of the mixture satisfies the perfect gas law.]

pN2
_ (8.03x 107 mol) x (8.3145 dm* kPa K~! mol™') x (300 K)
X 15.2kPa

1.32 dm?

0.320 g

= m =2.00x 102 mol
U4 gmol”

(b) Ncy,

Caam0ilise
" 39.95 g mol!

1= Ny, + g + My, = (2.00+0.438 +0.803) x 102 mol = 3.24 x 102 mol

=4.38 x 103 mol

N

Solving the perfect gas law for the total pressure p of n moles of gas, we find

ART  (3.24x 102 mol) x (8.3145 dm? kPa K~' mol) x (300 K) _

61.2 kPa/|.
% 1.32 dm?
S n7/Mﬂucros
EXC- 6 ‘\TSUCI‘OSC = 0' I 24 B HS“UOSL = ICOO
Nguerose T 1,0 mlM narsis &

18.02 g mol™!
Solve the above equation for mass (m).

0.124[ AT T mol] YL

sucrose

sSucrose

m

0.124 x 5.55 mol = (1-0.124)

sucrose

0.124 % 5.55 mol X M, o0 342.30 g
L M=
0.876 mol

mass =|269 g sucrose

Exc.7 @ AG,-= RT (x5 1n x, + x5 In x,,) [3.20], where A = N,(g) and B =0,(g)
AG,, =2.479 kJ mol{0.78 In(0.78) + 0.22 In(0.22)}
=(-1.31 kJ mol!

Because AG,, is negative, the mixing is| spontaneous |.

(b) ASm:—‘.R(XA In Xp+ Xp In XB) [3.21b]
=~(8.3145 T K~ mol™") x {0.78 In(0.78) + 0.2 In(0.22)}

=[4+4.38 J K-' mol~!




Exc.8 Kcoyipia = (8.6 % 104 Torr) x (101.325 kPa/760 Torr) = 1.15 x 104 kPa

X0, = Pcoy Keoynipia [3.13] = (55 kPa)/(1.13 x 10* kPa) =[4.8 x 10-3

Check the provided alternative equation [3.13] for Henry's law in your textbook!

EXC.O9  Ul=pixKu) [3.14]= x(gas) xp X Ky(J)
We assume that p = p° = 1.00 bar = 100 kPa.

[N,]=0.78 x (100 kPa) x 6.48 x 10~ kPa™' mol m~ [Table 3.2] =0.51 mol m~* =0.51 mmol dm=3

[0,]=0.21 x (100 kPa) x 1.30 X 102 kPa™' mol m= [Table 3.2] = 0.27 mol m~* = 0.27 mmol dm=

The magnitudes of molarity and molality concentrations are equal in very dilute solutions such as

these. Consequently, | by, = 0.51 mmol kg™ | and b, =[ 0.27 mmol kg™ I

Exc.10 Assume 150 cm? of water has a mass of 0.150 kg.

7.8 =027K
342.3 g mol' x 0.150 kg

The freezing point will be approximately [-0.27°C

AT; = K;by [3.22]=1.86 K kg mol™! X

Exc.11 ITV =nyRT'[3.23a]
LZI-/B— = My (molarity) = bp [p = density]

with p = 10° kg m= for dilute aqueous solutions
Then,
Ny I

o —— T ——
= o

Vp RIp’

I
AT.= Kby = K X ———
f f“B f RTp

Therefore, with K; = 1.86 K kg mol! (Table 3.4)

AT (1.86 K kg mol") x (120 x 10° Pa)
7 (8.3145 J K~ mol™) x (300 K) x (1.00 x 103 kg m™)

=0.089 K

Therefore, the solution will freeze at about|—0.09°C |,




