NORTH CAROLINA STATE UNIVERSITY

Department of Chemisiry Name

CH 331 Mid-term Examination
Physicd Chemistry

Given: g=9.81m/s

R=8.314Jmol* K1 =0.08206 L aam mol* K*
1 atm = 1.0133 x 10° Nm? = 760 Torr
P = Poexp{-Mgh/RT}
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DS= -RS xIn x; where N is the number of components
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RTfusM

P=cRT , r =mgh , P =rgh , DI =Km , K= 100DH
fus
Please answer dl questions.

1. A. Assuming that an ideal gas has adengty of 4 x 102 g/cm3 at 10 am and 400 K calculate its molar mass
(5 points):
Solution: The dengity expresson r = MP/RT rearrangesto M =r RT/P
M = (40.0 kg/nT) (8.31 Jmol-K)(400 K)/(10.133 x 10° Nni?)
= 0.131 kg/mol =131 g/mal

M (g/moal) =

B. Cdculate the root-mean-square vel ocity of argon gas at 400 K (3 points).

Solution: sgrt(<v*>) = sart(3RT/M) = sgrt(3(8.31 Jmol-K)(400 K)/0.0399 kg/moal))
=500 m/s

C. Cdculate the molar heat capacity at constant volume of argon gas at 400 K (2 paints).

Solution: C, = 3/2R = (1.5)(8.31 Jmol-K)
= 12.465 Jmol-K



2. Cdculate the depth at which you would measure a pressure of 1764 barsin the ocean a 10 °C assume that
water has a density of 1.0 x 10° gL™ (5 points).

Solution:

P =r gh rearrangesto h = Pir g = (1764 bars)(10° Pa/bar)/(1.0 x 10° kg/nT)(9.8 m/s?)
= 18000 m

h(meters) =

Determine the mole fractions x; and x, of two gases, which will give the maximum entropy of mixing.
Write down the formula for the entropy of mixing (5 points)

Take the derivative with respect to x; (keep in mind that x; = 1 - X;!) (7 points)

Solve for x; (3 points)

O T w

An dternative method isto plot the function and empiricaly determine the minimum (5 points).

Solution:
DS = - R(xlln (x,) + x,In (xz)]

= R[xlln (<) +(1-x)n 1 - Xl])

J]@:—R[lﬂn(xl)—l—ln(l—xl))=0

%,

In (li—lxl) =0

1 flxl =1

X, = > and therefore x, = %

4. Anided gasisinitidly a 10.0 aam and 300 K. Itsvolumeisinitialy 10 L and the gasis compressedto 0.1 L
under the following conditions (15 points):

(1) P@(tema = 10,0000 atm
(2.) Peema = constant (single-step)
(3.) Poderna = Pgss (reversible compression)

For each of the above conditions caculate g, and w, for the gas.

a@ w(J)
(1)
(2)
(3)

Solution: Theinitid and find temperature is the same for al three expansons. Note thet this
means that they are dso isothermd (if welook at the initid and find states) athough only process

2



3isat congant temperature throughout the expansion. Since U isagtate function DU = O for dl
three processes.

Uangthefirg law DU =g+ w - q=-w. Therefore, if we caculate the work we will dso be
ableto find the hest (q = -w).

Process Lisclearly irreversble w = - Pogena DV @nd Since Pegera = 10,000.0 we have w = -
(10,000.0 atm)(0.1 L —10.0 L) = 99,000 L-atm = 10" J
(Note: the sgnis postive snce thisis acompression)

Process 2 isw = - Pogara DV = -(1000.0 atm)(0.1 L — 10.0 L) = 99,000 L-atm = 10° J.
Therefore, g =-10° J.
We determine thefind (externd) pressure usng PV, = P,V;. Hereit is 1000.0 am.

Process 3isreversble and isothermd so that w = -nRT In(V2/V1). We need n.
n=PV/RT = (10 atm)(10.0 L)/(0.08206 L-atm/mol-K)(300 K) = 4.06 moles.

w =-nRT In(V2/V1) = -(4.06 mol)(8.31 Jmol-K)(300 K) In(0./10.0) = 46,611 J
Therefore, q =-46,611J

q) w(J) DU
(1) -10’ 10’ 0
(2) -10° 10° 0
(3) _-46611__  _ 46611 ___ 0

5. A. Thethermodynamic efficiency of a steam turbineis 0.6 and the operating is a 800 K. Please cdculate
the exhaust temperature (3 points).

Solution:

h = (Thot - Tcold)/T hot = 1 - Tcold/T hot
Tead/ The=1-h

Teod= Thot( 1 - h') =800(1-0.6) = 320 K

B. How much work would be derived for every kJ of heat expelled into the environment by this engine (2
points)?

Solution: h=wlg-> w|=hq=0.6x1kJ=0.6kJ

6. The standard enthalpy of the reaction N, (g) + 3H, (g) ® 2 NH; (g) is—92.2 k¥mol of anmoniaand the
third law entropies of H,, N, and NH; at 298 K are given in the table below. Assuming that the entropy
and enthalpy are independent of temperature calculate the Gibb's free energy at 230 K. The enthal py of
vaporization of anmoniais Dy;H® = 23.3 kImol and Ty, = 239.7 K. (20 points).

Substance | C, (Jmol-K) | S° (¥moal-K)

NHs;(aq) | 75.3 111.3




NHs (@ | 354 192.4

Hz (9) 27.3 130.6

N2(9) 29.1 191.6

Solution: *** Still nor worked out for 230 K.***

Note that the problem states that DH® and DS’ are independent of temperature. Thus, you need only calculate
DS’(298 K) = 28°(NHs,0) - 35°(Hz, g) - S’ (N2, g) = 2(192.4) — 3(130.6) — 191.6 = -198.6 Jmol-K

and then plug this value and DH® (298 K) into the free energy expression to receive full credit.

DG°(240 K) = DH°(240 K) - TDS’(240 K) = - 92,200 — 240(-198.6) = - 44,536 Jmol

However, many of you worked out the full temperature dependence. Although this was not necessary you
received full credit if this was done correctly.

The temperature dependence of the enthalpy is:

DH°(T7) = DH (T;) + DCpyig(T2 = T)

DSO(TZ) = DSO(T]_) + DCinq'n(Tz/Tl)

There is no phase change over the specified temperature range so:

DCy,iq = 2 C, (NH3,9) — 3 C;, (H2,9) — C, (N2,9) = 2(35.4) — 3(27.3) — 29.1 = -40.2 Jmol-K

The entropy changeis

DS’(298 K) = 2S°(NHs,g) - 3S’(Hz, 9) - S’ (N2, g) = 2(192.4) — 3(130.6) — 191.6 = -198.6 Jmol-K

DHC(240 K) = - 92,200 + (-40.2)(240 — 298) = - 89,870 Jmol-K = - 89.87 Jmol-K

DS’(240 K) = - 198.6 + (-40.2)In(240/298) = - 189.9 ¥mol-K

DG°(240 K) = DH°(240 K) - TDS’(240 K) = - 89,870 — 240(-189.9) = - 44,293 Jmol

7. A. Wha isthetotd pressure above a solution of ethanol (Xenano = 0.2) and methanol asit beginsto boil ?
(Pethano™ = 58 torr and Prethana® = 159 torr) (5 points)

Solution:

Ptotal = Xmethanol I:)methanol* + Xethanol I:)ethanol*
=0.8(159) + 0.2(58) = 138.8 torr

Piota =

B. Cdculatethe mole fraction of ethanol in the vapor phase under the conditions above. (5 points)

Solution:
Yethanol = Xethanol Pethano™ ! Prota

= 0.2(58 torr)/138.8 torr = 0.0836

yethanol =

8. Cdculate the molar mass of a molecule whose osmotic pressureriseis 0.025 m. Assumethat 1 g. of the
molecule was dissolved in 1 liter.

Solution:
P =cRT
P =rgh



¢ =r g WRT = (1000 kg/n7)(9.8 m/s*)(0.25 m)/(8.31 Jmol-K)(298 K) = 0.989 mol/n?’
If 1g. was dissolved in 1 L this corresponds to dissolving 1000 g. in 1 cubic meter.
Therefore, the molar massis 1000 g. /0.989 mol = 1011 g/mol



9. Anice skater is able to skate across the ice because of loca ice mdting underneeth the skates. What isthe
melting temperature of ice underneath a skater who has amass of 60 kg assuming that the area of the skatesis
0.1 cn? (20 points).

Trs=27315K DieH = 6.0 k¥mol
Tvap = 373.15K DyepH = 40.65 kd/mol
Fiee= 0917 gm/cm® I yaer = 1.000 gm/cnt®
Triple point T=27316 K P =0.006 bar
Criticd point T,=647.3K P.=218bar

Solution: The data you need are Ty,s = 273.15 K and Dy, sH = 6.0 kJ/mol added to the fact that the normal
boiling point isat 1 bar of pressure (i.e. ~ 1 atm). So P, =1 am, T, = 273 K and P, is determined by the mass
of the kater divided by the area of the skates.

P, = 60 kg/10® n? = 6 x 10° kg/n = 60 bars

Since the phase trangition is between the liquid and the solid state you aso need to caculate the change in the
molar volume of the trangtion. Recdl that the molar volume is equa to the molar mass over the molar density
(i.e. gncer =M/V,, we haveV,, = M/r).

Therefore, DVim = Vimjiaiid - Vimsolid = MIT jiaiia - M/t sg1ig =

= 0.018 kg/mol (1/2000 kg/nt® — 1/917 kg/nT) = -1.629 x 10° n/mol

— D'[I’SH T
P2—P1+D v Tn (T)

trs ' m
Y ou can rearrange the Clapeyron equation

to solve for temperature.

DP = DtrsHmln L
DV, \T

trs

DPD., .V
T,=T,exp {—D ”Ij ”‘}
trs m

(5.9 X 10° kg/m 2)(— 1.629 x 10° m3/mol]
6000 J/mol

= 273.15 exp

=268.8K



