Name:

First three letters of last name

Chemistry 342

ANSWERS TO Third Exam
April 22, 2005
2:00 PM in C6 Lecture Center

Write all work you want graded in the spaces provided. Both the logical solution to the
problem and the answer to the question are required. What is required is an answer in
terms of the original numerical data, including all numerical values and units of
conversion factors. Use no intermediate calculated numbers, except where such
numbers arise from answers to previous parts. The solution has to be worked out in the
form of complete equations, with justification or basis for the use in the specific problem.
Final numerical values must include the correct units.

In other words, the instructions are the same as for Exam 1.

POSSIBLY USEFUL INFO: 1J=1kgm?s? 1atm=101325Pa
(p +n?%a/V?)(V-nb) = nRT AnsH = 6003 J mol™ for water
R =8.31441 J mol™ K" =1.98718 cal mol K™ = 0.082057 L atm mol™" K
(8U/8V)T= T(6ploT)y—p (BHIdp)T = -T(OVIOT), + V  pyr = (8TIp)n (OHIOP)T = -Cpoput
Cy - Cv={p + (0UIoV)r YoVIoT),
specml case : [Tf/T } =[Vi/V¢] only for ideal gas undergoing reversible adiabatic process
(0S/0V)r = (0p/oT)y
(0S/op)r= - (0V/0T),
C, - Cy={p + (aUIoV)r oV /oT),
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L In the following figures (a)-(h) attach these equation labels (A)-(Z’) to each one of
- the appropriate straight or curved lines to which the equation applies. An equation may
be used more than once, some equations may not be used at all, and some
~ lines may not have applicable equatlons from the fist.
~ Equations: _ o
(A) palp*s = Xq | "~ Your answer should
(B)ya=p*alp o : look like the
(C) Va- =Xy = (nA(VAp) / n(VAp)) (nA/n) | fOﬂOWiﬂg example:
D) p=p ap's { P4+ (P*s - P*A)YA)} |
EYp =pa+ps
Fyps=Kuxp
@p=paxatp 8(1 Xa)
(H) dp/ dT = Av::lpH / {T( Vm .gas = mhquxd)}
O Inxa=AyHR[ 1+1 ]
L 7 7]
) (allgas/ oT)p = mgas
- (K) Wavap = 41 +RT|n(p*A/1)
(L) pajiquia (T,0,Xa) = pa soiia (T,P)
(M) ﬂA(.r) = Ut RTIn Xy
(N} ([ AcaG/T)10T)y = - (ApnHP/T?) | P
(0) I ¥, = 221" (¢410ekn )2 (2N o) v ™F
(P) 9(T.p) = ws*(T.p) + RTIn Ky /py*
Q@QInK=2InCs +2Iny,

(R) dp/ dT Asuubf"l / {T( Vm ,gas ~ mcrystal)} A B
S)F=0 (X)Gr,p = 2Ny,

(DF=1 F =0 (Y) (8G/aT), =-S

UWF=2 F=1 (Z) 4G = (cpic * epig) - (apa + bpg)

(V),u(U=u°r+RTan1[ (Z) va (1) = pa(T)

XaPa*(T)
(W)In £ = {°(Z-1)dp
pJo P
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2. From the graph on the next page determine the following and place your answers in the table

below:

. (2) The mole fraction of B in the vapor at 35°C and a pressure of 65 mm Hg for a system having over

all 20 mole % B

{(b) The mole fraction of A in the liquid at 35°C and a pressure of 65 mm Hg for a system having over

~all 20 mole % B ' .

(c) The relative amounts of liquid and vapor for a system having over all 20 mole % B at 35°C and a

~ pressure of 65 mm Hg '

(d) Are the A-B intermolecular interactions stronger or weaker (which one?) than the A-A and B-B

' interactions?

(e) What is the vapor pressure of pure A at 35°C?

- (f) What is the vapor pressure of pure B at 35°C?

“(g) If an azeotrope is formed by this system, what is the approximate composition of the azeotropic
mixture?
(h) If an azeotrope is formed by this system, would it boil at a higher or lower temperature (which one)
than both A and B?

- - (1) Would the activity coefficient of B in a liquid solution of A+B be smaller or greater (which one?)

“than 1,07
() Would the activity coefficient of A in a liquid solution of A+B be smaller or greater (which one?)
‘than 1.07

(a) (b) © @ (e)
ys = 0.40 Xa = 0.90 Nua/Nvap = 2 weaker 43 mm

@ (8) ) @ @)
60 mm xg = 0.6 lower greater greater

Show your calculations here, if calculations are required to answer above.
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- 3. Here are examples of two liquid solutions at 35°C:. -
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From the graphical data above, provide the answers (to two significant digits and with units) to the
- following questions:

1.0

0.28 atm

(a) What is the vapor pressure of pure liquid CH;OH?

(b) What is the vapor pressure of pure liquid CCly? 0.23 atm
- {c) What is the Henry’s law constant for CHCl; in acetone solution? 0.17 atm
. (d) What 1s the Henry’s law constant for acetone in CHCl; solution? 0.20 atm

{(e) What is the partial vapor pressure of CH3OH in a solution with Xcpion = 0.23 atm

0.70?

(f) What is the total vapor pressure of a solution of CH30H in CCly with Xccy = | 0.40 atm

0.157

(g) What is the mole fraction of CH;0H in the vapor in equilibrium with a

liquid solution of CH30H in CCl; with Xocye = 0.15?

(h) What is (p; - g, °) for i = CHCls in a liquid solution of Xcycya = 0.60 in

acetone at 35°C?
(W - 4;°) = RT In pip*

(i) What is the activity coefficient for acetonein a liquid solution which is

nearly zero mole fraction of acetone in CHCI; at 35°C?
Rational system & = pi/p/* in the limit x,—0, p=Kix; Henry’s law

a; = Kix; Ipi* Thus, v = ailx;= Kilpi*.For acetone Yacet =Kacet/ P acet

0.25/0.40=0.625

8.3144(308)x
In(0.20/0.38) =
-1643.7 J mol™

Yacet =Kacet/P acet
=0.20/0.45 =
0.444




4. The activity of pure liquid water at 1 atm is 1, according to the definition of the standard state as a
pure liquid at 1 atm. Calculate the activity of pure liquid water at 50°C and 10* atm, given that the
integral | Vi dp between 1 atm and 10* atm is = 161.450 L atm for liquid water at 50°C.

|dG = - sdT+ vp
duue(7,p) = Vdp
wua (T,P2) - pue (7,1 atm) = [V, dp
Definition of activity:
Hual(T,p2) = pua °r+ RT Inaya(T,p2)
uua (T,p2) - pua (T 1 atm) = RTIn ayo(T,p2) aue(T,1 atm)

aya(T,1 atm) = 1

Therefore, [V,dp=RTInayuo{T,p.)/1

161.450 L atm = RT In @ ,o(323 K, 10* atm)

|In a (323 K, 10* atm) = 161.450/(0.0820567%323) = 6.09
aa(323 K, 10* atm) = 439 |

ASIDE: InCidentaIIy, auQ(T,pg) is also szAS(an)/fGAS(.’:’I atm)

- which reinforces the identification of activity with the chemical potential.
This is how we do it for this system:

Liquid and vapor at equilibrium i (7,1 atm) =pvap (7,1 atm)  (2)

Hua (7,p2) = pvap (7,P2) (1)
subtract equation (2) from eq(1)

Hua (T.p2) - pua (1,1 atm) = pvap (T,p2) - pvar (7,1 atm)

But,
vap (T,p2) = Meas’r + RTIn AT,p2) (3)
wap (7,1 atm) = ueas’r + RTIn AT,1 atm) (4)

Therefore, 81 Ta) (T,pg) VT o) (T,1 atm) = RT[nfGAs(T,pz)/fGAs(_I:1 atm)




5. For the state points labeled (a) through (k) describe the system as explicitly as you can in terms of

(1) the phases present

(2) the composition of each phase

(3) where possible, the relative amounts of each phase

Place your answers in the table below

£ 1
*(a)
aO¥ o 4

;:f‘iﬁ’t phases present composition of each phase relative amounts of each phase

(a) | 1 phase: a liquid same as overall composition | all
solution given by point (a), xg=0.07

(b) | 2 phases: pure solid A | pure solid A, liquid of Niig soin *{XP-X(6))= Dsotid A *(X(p)-0)
and liquid solution composition given by point | g soln/Dsolia A=(X(p) -0} (Xp-Xwy) =1/2, 33% LIQ

g P, xg=0.23

(c) | 2 phases: pure solid pure solid ABs, liquid of Niig soln *(X(c)-XQ)= Nsotia aB2 *(0.6667-X())
AB; composition given by point | nyig soin/solia ap2=(0.6667-X())/(X(c) -Xa)
and liquid solution Q, xp=0.44 = 7/3, 70% LIQ

(d) | 2 phases: pure solid A | pure solid A, pure solid AB; | ngig A®*(X(a-0)= nsotig a2 #(0.6667-X())
and pure solid AB2 . Ngolid A/nsolid A132=(0.6667-X(d))/(X(d)-0)=2/1

66% solid A

(e) | 2 phases: pure solid pure solid AB,, liquid of g soln *(XR-X())= Dsolid AB2 *(X()-0.6667)
AB; composition given by point | nyq som/Msolid ar2=(X(e)-0.6667 Y (Xr-X(e))
and liquid solution R, xg=0.83 = 2/5, 28% LIQ

() | if exactly on the line, 3 | pure solid AB,, pure solid B, | solid B is infinitesimal
phases: pure solid liquid of composition given | ney soin *(Xe2-X(1))= Dsolid an2 *(X(-0.6667)
AB,, pure solid B, by point E2, xg=0.87 Teut soln/Msolid AB2=(X(5)-0.6667)/(Xg2-X(r))
eutectic solution = 8/5, 61% LIQ

(g) | 3 phases: pure solid pure solid A, pure solid AB;, | solid AB; is infinitesimal,

AB,, pure solid A,
eutectic solution

liquid of composition given
by point E1, xg=0.39

Deut soln .(XE1 'X(g))= Ngolid A ‘(X(g)-O)
Dyt soln/nsolid A=(x(g)'0)l(xE1 -X(g))=5/6, 45%LIQ

9




6. A mixture of 0.3 moles of liquid A
and 0.2 moles of liquid B are placed
in the container shown and the ideal

‘solution is allowed to come to
thermal and mechanical equilibrium.
The bath temperature is maintained

- at 21.5°C. The pressure gauge reads

0.060 atm. S

R e e S S
NIRRT S R

NN

L—

(T

At their normal boiling points 110.6°C and 80.1°C respectively, the enthalpies of vaporization of A
“and B are respectivély, 34.4 and 30.8 k7 mol” and the densities of liquid A and B at this temperature
are respectively 9.407 and 11.247 mol L', Describe the system at equilibrium by filling in the
following table with numbers (not formulas) and their corresponding units. (Do all the derivations and
calculations in the space provided below the table.) '

, numerical values and units
vapor pressure of pure liquid A at 21.5°C . 0.03834 atm
vapor pressure of pure liquid B at 21.5 °C (0.1245 atm
mole fraction of B'in the liquid phase 0.25
partial pressure of A in the vapor _ 0.02875 atm
mole fraction of A in the vapor phase 0.479
number of moles of liquid 3 0.223 moles
number of moles of vapor : ' (0.277 moles
number of moles of A in the liquid phase 0.167 moles
number of moles of B in the vapor phase - 0.144 moles

Provide the basis for your numerical answers by doing the derivations and calculations in this space
and on the next page:

dpiq = dpvar
duug = -SmuadT + Vipug dp
dpvap = -Smyvar dT + Vipvar dp
-SpuedT + Ve dp = -SpyvapdT + Vi vap dp
| (Smyvap -Smua )T = (Vimyap - Vinuo)dp
oo dpAdT = (Spvar ~Smua) / (Vinvar- Vmua)  the Clapeyron equation
(Sm,gas w2, liquid ) = Av.:-zp H/T
dpAdT = AvapH AT( Vm,gas - m,liquid)}
On this curve are sets of (p,T) values at which liquid coexists with gas.
Since Vingas>> Viniiqua  If desired, can actually take Vi iquis into account since these are
given.
and if A4,H is only weakly dependent on T,
and if ideal gas behavior, Vg5~ RT/p, then
dp/dT = Ao,Hp/RT?

10




(dplp ~ AwpHIR( d(-1/T) integrate from the normal boiling point
J to any other (p, T)
In(p/latm) = AppH/R [-1+1 ]
L T 7 |
By defimtion of normal boiling point: at the normal boiling point 7= 110.6+273, 11qu1d
A has an equilibrium vapor pressure equal to 1 atm. At some other temperature 7=
| 21.5+273.1, the vapor pressure of pure liquid A is given by the Clapeyron eqn:
In (p/1 atm) ~ (34.4x10%/83144) [-1  +1 | solveforp
[ 2946 383.7]
p = p*a(T=294.6) = 0.03834 atm Answer
Do the same for B, the vapor pressure of pure liquid B is given by:
In(p/1atm) ~ (30.8x10%8.3144) [- 1  +1 1 solveforp
| 2946 353.2]
p = p*s(T=294.6) = 0.1245 atm Answer
Given that an 1deal solution is formed by A and B, the partial vapor pressures are given
by Raoult’s law
Tpalp*s =Xa pelp*s = Xg Raoult’s law
P=PatPe=XaP st XaP’s summing up the partial pressures
[ 0.060 atm = x4(0.0383) + x5(0.1245) = (1-xg )(0.0383) + x5(0.1245) solve for xz
xg =025 . x5 =0.75 Answer
Pa=Xap*a= 0.75(0.03834 atm) = 0.02875 atm Answer
molefraction of A in the vapor is y4 = pa/p = 0.02875/0.060 = 0.479 Answer
Conservation of moles of each component gives the lever rule:
Neiq (Xa-Xa) = nyap (Xa-ya)
Given: total moles = 0.2+0.3 and molar composition: X = 0.3/(0.2+0.3) =0.60 and X,

=0.75 Ya = 0.479 from above calculations. Therefore,

nUQ(O.75 - 060) = nVAp(O.60 - 0.479) = (0.50 - Ny )(060 - 0.479) solve for Mg
| Mg = 0.223 moles Answer

By difference, nyap = 0. 277 moles Answer

moles of A in the liquid = x4 1o = 0.75(0.223) = 0.167 moles Answer

moles of B in the vapor = yg Nyap = (1 - 0.479)(0.277) = 0.144 moles Answer

11




7. When equilibrium is reached in the following systems, which of the following conditions apply?
Choose as many as apply and place only the letters in the Ans. column in the table below.
A. pp(liquid) =p° g(gas) + RTln pg*
B. pp(liquid solution) = p° g(gas) + RTln ps(liquid solution)
C.In (1/)(5) =Vme ph/RT
'D. xg = exp{-AusHp[(1/T7) — (V/T#)]}
E. fa(liquid solution) = fz(solid)
F. pp(solid) =p° g(gas) + RTIn fz(liquid solution)
. G. Gppa = Na[p® a+ RTln fa(liquid solution)] + ng[p® g+ R Tn fa(liquid solution)]
‘H. pp = Xg pg*
L pg=Kue Xs
J. ugp(solid) =pp(liquid solution)
K. pa(liquid solution) =p°a(gas) + RTIn fa(liquid solution)
L. pa(solid) =p4(liquid solution)
- M. xa = exp{-AasHI(1/ T — (1/T)]}
N. Ya = XaPp"a /[ Xa(p*a- P*8) + P*8]
0. pa/p1 = exp{-[AvapH/R ][(1/T2) — (1/T1)]}
P. In ag = Infp/1 atm] + [AvapHe/R 1[{(1/Tp) = (1/T7)]
Q. (6ps(liguid solution)/dpn )t = (Bu°s(liquid solution)/dpn)r +RT(8In ag/dpn)r = Vmp(liquid)
R.In Xa = - nVg(liquid)/RT INCORRECT
S. In &g = -AnsHal[(1/77) — (1/77)]
T.Inag = AvapHBI(1/ Ty} — (1/T,*)]
- U.lnag = pB/p*B INCORRECT
V. ag = pe/p*s
W.aa= - aVe(liquid)/RT INCORRECT
X. d]J,A = de
Y.ag= DB/ KH,B
Z.(my® ) = ()’ (m.)*

gystem process Ans

1| pure solid B and liquid solution of B with | B melting or B freezing out D,E,F.I.M,
anon-volatile solute are present in a
container

2| compartment 1 has pure liquid B, compart | osmosis AB,CK.Q
ment 2 has a liquid solution of A in B,
they are separated by a molecular sieve
permeable to B only

3| a small quantity of dry ice is introduced CO; goes into solution LY
into a bottle containing liquid water and
the bottle is sealed off.

4| na moles of liquid A and ng moles of partition is removed G
liquid B are in two bulbs at temperature T
separated by a partition

5| sufficient solid B is placed into a liquid A | most solid B dissolves, a small amount EJK
in a container remains in solid phase

12




8. Draw a cooling curve for a solution starting at the state point @ . The abscissa is in mole fraction of
B.

800 - ’ . ?

O i 1 1 i
A 020 04 06 08 B

- Describe what would be observed through the clear wall in the apparatus in which heat is

- systematically withdrawn from the system at a constant rate,

(1) along each line on the cooling curve

(2) at each point where the cooling curve exhibits a change in slope dT/dt

" —Cooling of liquid solution containing A and B of constant composition ®

First hint of solid solution B appears, still mostly liquid solution of composition
&

Two phases: solid solution p and liquid solution both cooling, with
composition of liquid solution changing according to line and composition of
solid solution  changing according to line

Three phases: First hint of solid solution o appears, still mostly solid solution

: B and liquid solution.
L disappears |

Liquid solution is diminishing while solid solution o growing, still mostly
solid sohution f.
Last vestige of liquid solution disappears, leaving only solid solution o and

I"\Solid solution 8
wo phases solid solution o and solid solution p continue to cool

Ume

13



9. (a) Two containers containing solutions of a non-volatile solute in solvent A are placed in a closed
container as shown below. Originally, the solution in container o was prepared from 0.1 mole of solute
and 1000 g solvent A, and the solution in container p was prepared from .05 mole of solute and 2000
g solvent A. When equilibrium was finally reached, what are the amounts of solute and solvent in each

container?
Since both liquid sclutions are in equilibrium with the same

rﬂ vapor, both liquid solutions should have the same activity
{concentration) when equilibrium is achieved. The total
¢ (T 7 solute is 0.15 moles and the total soclvent is 3000 g.
‘ O{ : ﬁ Therefore the final equilibrium concentration in each beaker
has to be molality = (0.15/3)= 0.05 molal. In each container,

)

the scolute is non-volatile and cannot equilibrate, so have to
remain in the beakers; the solvent can move into the vapor
phase and then into the beakers. Container a has 0.1 mol
of solute, therefore has to end up with 2000 g solvent, while

o) 4 container B has 0.05 mol of solute, therefore has to end up
i with 1000 g solvent.

:’ll
|
HIE

)
)

|
|
i
I

|
|
|
|

i

il
1o
|
l

container amount of solute amount of solvent
o 0.1 mol 2000 g
B 0.05 mol 1000 g

(b) Two solutions of a non-volatile solute in solvent A are in sections separated by a semi-permeable
membrane in a closed container as shown below, where the U-shaped “dead space” has a negligible -
volume. Originally, the solution in side o was prepared from 0.1 mole of solute and 1000 g solvent A,
and the solution in side B was prepared from 0.05 mole of solute and 2000 g solvent A. The heights hy
and hg (measured as shown) are originally 0.0 and 12 cm respectively. After equilibrium was finally
reached, what are the heights h, and hy ? The cross-sectional area of the uprights is a cm?. The density
of the solvent is d g mL™. Define symbols for any additional information you need to have and write
your answer in the table terms of these quantities.

~

see answer on last page

/ j/ I Inn side height, cm
,f ;-" i !
/ ' //ﬁ Ao Le [he=

/ / f A /" VLB | hg=

{c) One kg of ice is formed in a container sitting outdoors in winter, at an ambient temperature of -15
°C. Calculate the number of moles of a salt (CaCl,) that will have to be added to the ice in the
container in order to cause all but an infinitesimal amount of ice to melt. Assume that y+ =1.0

The freezing point depression is given by

_ Afusion,soiventH s¢ w!___ 1 _ 6003Jm01_l Xi: 1 _ 1 :|
sohue R T, T‘ * 8.3144 258.16 273.16

We have used the molar A,H = 6003 J mol™ for water, T = 273.16K, and given T; = 258.16K. We
use the activity based on the practical definition using molality, and remember that CaCl; is a strong
electrolyte. a. = v. mywhere, (m.)° = (p°g%m®. Here, p=1, g=2, =3, and given v, =1, 8soiute = 8+ =
(1'2%)m®. Therefore we can solve for m, the moles of CaCl, that needed to be added to 1kg of ice.

a

14



10. The following information is obtained on cooling curve data on the system Sn-Mg. Sketch the
simplest melting point diagram consistent with these data. Label the phase regions and give the
compositions of any compounds formed.

ﬁam;}as’f tion of melr Temperature of break  Temperature of halt

(mole % Mg) {if any} °C) (if any) (FC}
Rt ' : 250
0 | 200
49 600 200
67 800
80 610 580

90 610 580
100 650

100 ] 4 A i
O 20 40 H0 20 100

3 Mg

The presence of a congruent melting point at 67% indicates a compound of this composition,
corresponding to formula Mg,Sn.

15



9(b). The two sides do not have the same concentration. Therefore the solvent will move from
the side that has the lower concentration of solute (0.025 m) on p side to the « side (0.1 m)
that has higher concentration of solute, as in problem 9(a), approximately 1000 g of solvent
has to move from the {3 side to the « side in order to have the same chemical potential on
- both sides of the membrane. Let us consider two stages: First, equalize the concentration on
both sides; that is have 1000 g of solvent move from side B to a.. Since h, started at zero, all
the extra 1000 g solvent will go to into h,,. '
After first step, x, and x; are equal and
0.05 1000
Xy =l-—————and k, =
s 0.05+ 1000 da

Second, there is a further correction, because after this much solvent has moved, the « side
“will be under a greater hydrostatic pressure than the § side. To compensate for this, some of
the solvent has to move back so as to have a somewhat greater solvent concentration on the
B side.

Aside: Hydrostatic pressure p, = hdg Where h is the height, d is the density and g is the
. acceleration of grawty Pascal is kg m™ s?, 1 atm = 101325 Pa. Where h is in cm, d in g cm?,
g= 980.665 cm s, we find
| Ph = hdg g cm? s?x (kg/1000 g) x (m/100 cm) 2 Pax(1 atm/ 101325 Pa)
~ Thus, we need to multiply h, in cm by the factor (10/101325) to get hydrostatic pressure py, in
- atm: pn, o = hex (10/101325)

~So that both sides will have the same value of psowent , the following must be true:
10 10

V.. h e + RTINX, = V., h, ———— + RT Inx
BliTe 101325 @ "Bu"F 101325 .

where V. = MWsonen/d and x, and Xz are the respective mole fractions of solvent on each

side. At the final stage,
— X
V. (h =RTIn =
g (e = Fip) 101325 x

o

Let us rewrite the In as follows : -2 = In[1+ (% —x“)i| ~ (% = %)
x{z

xﬂ x!:f
MW o pens (h, —hﬂ)x 10 - (xﬂ _xcr) .
d 101325 X

[»4

Let G grams of solvent have moved back to §§ side to accomplish this. That would mean that

o oy 005 o1 0.1 O —x,) MW x0.15G
s 005, 1000+G " 7 0142000-G " x (2000 — G)(0.05MW +1000+ G)
MW
1000—-G . U . .
and 7, = b Taking hg=0 since it is the p side that lost solvent, we can solve for G in
MW, (1000- G) 10 _ MW x0.15G
d da 101325 (2000 — G)(0.05MW +1000+ G)

Once we have G everything (h., Xa, X3 ) | is known. To solve the problem we needed the
molecular weight of the solvent MW, in addition to the given density d and cross-sectional
area a.
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