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CHEM3142 PHYSICAL CHEMISTRY: EXAM IlI

Monday March 20" 2006 ~ Time: 110 Minutes 89 pointstotal

Answer all questionsin detail and SHOW ALL WORK! Please write answers on your paper.
Planck’s constant h = 6.626° 10 ** Js speed of light c=2.998 10°® ms®
Avogadro's number = 6.022 10 > mol™

KEY

1Pa=1NmM*=1Jm*=1Kgm"s? 1J=1kgn's?

760 Torr = 101325 Pa= 1 atm (exactly) = 1.01325 bar

1L=1dm’= 10000m =10°m’

R =8.31451 JK™ ma™ = 0.0831451 dm® bar K™* mal™ = 0.0820578 dm® atm K™ mol™

Planck’s condtant h = 6.626" 10> Js speed of light c=2.998 10°® ms®
ke= 1.380658 10 2 JK* |, =0.695038cm K" dectron’smassm: = 9.109° 10 * Kg
1cm*=1.986" 10%J 1eV = 1.602x10"°J 350 cmi* = 1 Keal mol™

Equations & Formulae
1. First Law + Totd differentid of U(V,T):

dU = dq-+ dw= §£9 aT + 80 gy = chT+8é£9 av
el g eV g eV g
2. Enthapy physical changes. Definition of Enthdpy + Totd differentid of H(P,T)
aH =810 g1+ 81O 4o - gy + pav +vaP=c dT+§ﬂ9 dp
el g TP & efP g
3. Entropy physical changes
ds=Crar + 8P gy = Cegr . ?fﬂQ dP
T elT g, T elT g,

4. Fundamenta Equations

dU =TdS - Pdv

dH =TdS +VvdP

dA=- SdT - PdV

dG =- T +VdP



5. DG and Kp for aA +bB ® eE+fF gasphaserxn of ided gases

e 5f A
DG = DG’ + RTINGEEE 2= DG + RTINQ
PaPeg

but Q_ = proper quotient of pressures

AT Equilibrium Q,=«,

note: P = short for % In bar units

P° =1bar

f
1. (4 pts) The fugacity coefficient g, isgivenby 9 = ) wheref = fugacity and P is pressure. Which of

the following Satements is true.
a Asthe pressure approaches zero g approaches 1.
b. Asthe pressure approaches zero g approaches ¥ .
c. f~Pa high pressures
d. Asthefugacity approaches zero g approaches 0.

2. (4 pts) In the Gibbs Phase Rule the degrees of freedom ( f ) is specified as a function of the
number of phases (p) and number of components (c): f=c-p + 2 For a single
component phase diagram, what is the value of f along the liquid-solid coexistence

curve.
1

coow
NEF O/

3. (4 pts) A solid-liquid coexistence curve which fdls from Ieft-to-right in\the PvsT phase diagram
dP — DfusH
conssentwith T TD, 3\7 indicates
u

aV'-Vs>0
dP

b. ar <0

c.T<0.

d. DwsH >0

For problems4 — 7 explicitly show ALL WORK!



So 0
4. (10 Pts) Use the Maxwdll relation - EéT—+ = aéT_V+ and the totd differentid
eTlPg el g

AHO _ :
dH = TdS+ VdP to show that ¢~ = Ofor anided gas
e TP g

5. (52 Pts) Answer the following questions by making use of the table below (entries given at 298.15 K,
1 bar). Assumeided gas behavior, assume that no phase changes are involved.

Substance D,H°/kImol* S% Ik mort C,YIK mat

NO2(g) 33.2 239.9 37.18
N204(g) 9.16 304.3 79.20

(@) (7 pts) Compute S°(NO, (9),398.15K ) 1 br uiilizing;
S°(NO,(g),398.15K) = 5°(NO,(g),298.15K) + DS°  (assume C,° is constant).

(b) (7 pts) Compute S°(N,0,(9),2.50bar) & 29815K utilizing:

S°(N,0,(@,250bar) = 5°(N,0,(g) 1.00bar )+ DS° (assume ideal gas).
(c) (10 pts) Calculate DS’ and D,.,H ° at 298.15 K and 1 bar for the reaction:

N204(g)® 2 NO2(g)
(d) (5 pts) Usethe values of DS’ and D,xH °in part ¢ to confirm thet DG ° = 4.92 kI mal™
(©) (5 pts) Determine K, from the vaue of D,..G" =4.92kImal™.
() (5 pt9) If the equilibrium partia pressure of NO: is 0.3 bar, what is the equilibrium partid pressure of
N204.
(g§ (g Pts) If initidly P(N204(g)) = 0.5000 bar, and P(NO-(g)) = 0.250 bar will the reaction proceed
spontaneoudy from left-to-right. Justify your answer.
(h) (8 pts) Complete the following table utilizing symboals: 0.250, x, and P (equilibrium total

ressure)

N204(q) NO2(g)
Initial moles 0.250 0
Change noles in units
of x

(extent of reaction)

Final moles at equilibrium

Mole fraction

Partial Pressure




6. (5 Pts) Starting with one of the fundamental equations (see #4 under "Equations & Formulae" on
o . . HSo _a&Vo

1” page) Provethefollowing Maxwdl rdation; - ¢ =G o ™

ePg efl g

7. (8 Pts) The normal boiling point (boiling point a barometric pressure of 1 atm) of diethyl ether is
34.5°C, and its D.s,H is26.69 kd mol™. Determine the vapor pressure of diethyl ether at 25°C viathe

Claugus-Clapeyron equation:




ANSWER KEY

f
1. (4 pts) The fugacity coefficient g, isgivenby 9 = ) wheref = fugacity and P is pressure. Which of

the following statementsis true.
(& Asthe pressure gpproaches zero g approaches 1. (THISWAS A QUIZ QUESTION!)
b. Asthe pressure approaches zero g approaches ¥ .
c. f~Pa high pressures
d. Asthefugacity approaches zero g approaches 0.

2. (4 pts) In the Gibbs Phase Rule the degrees of freedom ( f ) is specified as a function of the
number of phases (p) and number of components (c): f=c-p + 2 For a single
component phase diagram, what is the value of f along the liquid-solid coexistence
curve.

a

b. 0
@1

d 2 \N
3. (4 pts) A solid-liquid coexistence curve which fdls from Ieft-to-right  in the Pvs T phase diagram

dP — DfusH
consstertwith T TD LV indicates

aV'-Vs>0
®— <0
c.T<0.
d. DfusH >O
: SO _AVo
4. (10 Pts) Usethe Maxwdll relation - gﬂ_P_ = ‘H_T_ and thetotd differentid
dH ¢ :
dH = TdS+ VdP to show that g'ﬂ_PBr = Ofor an ided gas
H 0_ S o
ANSWER: Divide both Sides by dP at constant T: Ul =Tegs+ +V
ETP g &Py
aqH 0_ Tadl\/ 0 nRT

[— ~ +V b ideal gasV = ——
eTP g e'ﬂTfap P

AVo _nR aéTHo nR

: - 9 - R ARy
Applying the Maxwell Rdation: g'ﬂT > P g'nP z P
EH O-_viv=o

‘HPz




| worked this problem during the problem session for Lecture #19!

5. (52 Pts) Answer the following questions by making use of the table below (entries given at 298.15 K,
1 bar). Assume ideal gas behavior, assume that no phase changes are involved.

Substance DH /KImao™ | Sk mo? | Cp%IK* mol™

NOa(g) 33.2 239.9 37.18

N204(g) 9.16 304.3 79.20

(a) (7 pts) Compute S°(NO, (9), 398.15K ) 1 ber utilizing
§O(N02(g),39815K) = §0(N02(g),29815K) + DS° (assurmcpoisconstant .

3 T2
dS:&dT-EdT—VQdP congant P b d5=S2dT b D§=c_:po—‘dT:5p'“T—2
T ell g, T ! K

398.15K
298.15K
S°(NO,(g),398.15K) = 239.9 JK mol™ + 10.75 JK mol™ = 250.65 JK “mol™

DS =37.18 JK 'mol " In =10.75JK 'mol **

(b) (7 pts) Compute S°(N,0,(0),2.50bar ) & 29815 K utilizing:
S°(N,0,(9),2.50bar) = S°(N,0,(g),1.00 bar )+ DS® (assume ideal gas).
ds5=Sa7 - B0 p congtant T b ds=- ¥ gpp v =R

T 1T g, &7 P
9_; "R & 4s=-"R4p b DS=-nRINZp DS=RIN:
&g P P P, P,
DS = 8.3145 JK “'mol In =22 = _ 7,618 JK “'mol

2.5 bar

S°(N,0,(9),2.50bar) = 304.3 JK mol™ + - 7.618 JK "*mol " = 296 68 JK *mol™
() (10 pts) Calculate DS’ and DroH ” at 298.15 K and 1 bar for the reaction:

_ N204g)® 2NO2(9g)
D,nS°=2" S°(NO) - S”(N204(g)) =2 239.9 JK™* mo’-304.3 JK™* mai* = 175.5 JK ™ mol*

D,,,H°=2 D, H°(NO,)- D; A °(N204(g)) =2" 33200 Jmol’~9160 Jmoal™* = 57240 Jmol*
(d) (5 pts) Usethe values of Dx,S°and DxoH °in part ¢ to confirm that DG ° = 4.92 kI mol™
DG °=D,,,H°-TD,,5° = 57240 Jmol™ — 298.15K" 175.5 JK ™ moi* = 4915 Jmol™*
=4.92 kImol™

(©) (5 pts) Determine K from the vaue of D,,G" =492 kImal™.

o,

u
RT §f

5]
DG =DG” + RTINQ, | @ a equilibrium ® |0=DG" + RTINK,,P K, = expg




7z

€ DG°U é 4920Jmol ** u
Kp = expg g = expg - 3= 0.137
& RT g é 831451J K" mol " 298.15K

() (5 pt9) If the equilibrium partiad pressure of NO: is 0.3 bar, what is the equilibrium partid pressure of
2Q4

2 2 2
K, = PNOZ P Py = PN02 = 0.3par =0.675bar

Puoos K,  0.137(bar)

(9) (5Pt Ifinitidly P(N204(g)) = 0.5000 bar, and P(NO-(g)) = 0.250 bar will the reaction proceed
spontaneoudy from left-to-right. Judtify your answer.

29.25% 0
Q Q 5 5

DG =DG°%+ RTINQ_ =- +RTINQ = RTIN=E =RTIN=E =RTIn
Q,=- RTInK, Q, K. <. 0137

DG = RTIn%<O P  yesspontaneoussince DG <0

(h) (8 pts) Complete the following table utilizing symbals: 0.250, x, and P (equilibrium total
ressure)

N204(Q) NO2(0)
Initial moles 0.250 0
Change noles in units -X +2X
of x
(extent of reaction)
Final moles at equilibrium 0.250 - X 2X
Mole fraction (0.250 - x )/ (0.250 + x ) (2x )/ (0.250 + x )
Partial Pressure (0.250 - x )P/ (0.250 + x ) (2x )P/ (0.250 + x )

6. (5 Pts) Sarting with the fundamental equations (see #4 under "Equations & Formulae" on 1%
S0 _ gV ¢

page) Prove the following Maxwedl reation: - g'ﬂ_PBr gﬂT Bp

GO 41, FCGO 4p

dG=- ST +VdP = &>
ell g eTP g

Since dG is an exact differentia the mixed derivative are equa:

1066 166 1 T AS6 _ &V 6
—C -+ = ——C_———+ — \-S)=— - C—=~ =C—~
PETT ‘HTg‘HPgT®‘HPT( =77,V © Py &7 o

7. (8 Pts) The normal boailing point (boiling point a barometric pressure of 1 am) of diethyl ether is
34.5°C, and its DapH is26.69 kdmol™. Determine the vapor pressure of diethyl ether at 25°C viathe



Clausus-Clapeyron equation:

|n— — - — % _Zzexpe. ___:U
P, R T, T,g PR & R T, Tlél’]
é D,Heael 14 é 26600Jmolt 2 1 1 60
P, =P expe R‘; g_l_—— ?guzlatmexpé— ——C - 7
é ) 1 4 & 8.3145JK"mol "1298.15 307.65 g
i é -1 R
P, =1atm’ expe 26690 Jmol e 1 1 _Qul,J= 0.721atm

€ 83145JK mol 16298.15 307.65 4]




