[1] ¥+¢F O; 9] dipole moment 7} 0 o)1 1 FZ7} A3o] o}z oJH Lewis diagram & I
g F JEeE7? & 53)

. Os
oo oo

[2] oFell EAlel Hstr L. (T 10%)

(@) KF 7} $49 9AEE ZAAE o 98F 23 oA E AXSA L KF & 2§ dol(Re)
= 217A °)a 459 #E F FL3MA AMEIAL. (57)

Kol 12} o] &3}ol L %= IEy(K)= 418.8 kI mol™, K2 electron affinity’:™= EA(K) = 48.348 kJ mol™, IE,(F) =

1681.0 kJ mol™, EA(F) = 328.0 ki mol™?, &, = 8.854 x 10 C*J*m™, Coulomb energy = [Q:Q.}/[4neoRe], Na =

6.022x10% mol™, e = 1.602x10™°C

AEq = - [{(Q1Q2) + (4eoRe)}X (Na+10%)]-{IEL(K)-EA(F)}
= — [{(1.602x10°C)?x(6.022x10%mol ™) }+{(4)(3.14)(8.854x10*C2* m™) (2.17x10"°m) (10°J
kJ™1)} —{418.8-328.0} kJ mol™
=640 kJ mol™ - 91 kJ mol*
=549 kJ mol*

(b) AA F3R AFolx e AHZL 498 kI mol? otk YA T3 g3 xpol7t Y o

#E 2PN L. (54)

1) Repulsive energy is omitted
2) It was assumed that KF is purely ionic
3) Also, it was assumed that K*- F~ are point charges.



[3] Van der Waals equation of statex= T3} o] A ¥ T
2
[P+ aC/ZJ(V -nb)=nRT

F%5719 79 a=55atmL?mol? b=0.03 Lmoltolg}ta 3t} 500 Kol A 1L 3] okol =
1mole] 45717} dvtar 7F43th R=0.08 Latm mol™* K'& AlAkgkc} (& 15%)

(@) 482 2 747k 3%)
P= {(nNRT)=(V-nb)} —a(n*+V?)
=[{(mol)( 0.08 L atm mol™ K™)(500K)}~+{(1L)-(1mol><0.03 L mol™)}]

—[5.5 atm L? mol™ {(1mol)*+(1L)*}]

=41.2 atm -5.5 atm
=35.7 atm

(b) o171 AZFA 2 7|¢to] oAdEET}? 27)
P= nRT/V ={(1mol)( 0.08 L atm mol™ K™)(500K)}/1L = 40 atm

c) AA NAE o|AVA} vt J|A) A} 79 repulsive force9} attractive forceol]l 2]3}
o 48 77 2 7%l T e AT (6H)

Repulsive forceoll 23l 41.2 atm- 40.0 atm = 1.2 atm <7}

Attractive forceol] 2]3] 5.5atm 74

(d) AA 7]A A attractive forcedl]l oA LF-o] FF7|7F 2 EAH clusterE FAsIa 3
E2L 0]49 clustere F4EA EETL ZHEE 1 mold] 571 3 5 34719 274
A 2 %7t 2 BA} clusters P72 (53)
dHe FESIE oAbl vldsith. AA SESkeE YA 719 = 1mol x (35.7atm/41.2atm) = 0.87
mol
(1714 35.7 atm<> repulsive +attractive ol &3l 7}X|= AA| = o]ar, 41.2atm-> repulsive force
AT TR = o4 E)

xTHZ9] fraction©] clusterd A s}, (1-x)+(1/2x)=0.87 x=0.26  ..26%

[4] A gas mixture contains 4.5 mol Br, and 33.1 mol F,. (Z-10%)
(a) Compute the mole fraction of Br, in the mixture (53)
4.5/(4.5+33.1)=0.12
(b) The mixture is heated above 150 °C and starts to react to give BrFs. At a certain point in the
reaction, 2.2 mol of BrFs is present. Determine the mole fraction of Br, in the mixture at that point.

(53)
Bra(9)+ 5F2(g) — 2BrFs(g)
1.1mol 5.5 mol 2.2 mol

33.1mol -5.5 mol=27.6 mol F,.  3.4mol Br,+27.6 mol F, + 2.2 mol BrFs = 33.2 mol°o] <7
The mole fraction of Br, is 3.4/33.2 =0.10



[5] theel AR & F 5o T F2 23 AT 7S (3 28x5= F 10 )
(a) Colligative properties & 532 7|&3le} (24)

el 543 S8 Folrt &

(b) Extensive properties = 71} Intensive properties 7 71& o2 =A|L.(27)

Extensive properties: V, m, E, H
Intensive properties: T, P

(c) State function 1 A F ¢k ofd A F /& dE =X (27)

State function 91 A:E,H,P,V, T
State function o}d A:q,w

(d) ¥ oIUA (Internal energy) & o]FE A s} o4 o8 =X12. (23)

5o Y A (kinetic energy), &%, &, 3stA3 o UA], Y= oA

(e) @& 3 (adiabatic expansion) oA X771 Y#H7t= o|f& AYIIA L. (27)
g0 o122 gRole] & mPo] Flk AN BFAL A FY YA B2
gt 2=71 A



[6] 1.0 mol ¢ YA (monoatomic) ©]4F 7]AZ o] Fojx A AElo] thal the-3 7S state
diagram ©] FojHTIaL dhAF I 9o BE HE HY AHE wS5A7]a wEka 314 a, b,
c, d & 794 HAolth. @FhA} o] 71 AS molar heat capacity ©+ C, = (3/2)R ©]T}.
1Latm=100J9] #A2& A}-83}2k R =0.08206 L atm mol*K™, C,-C, =R. (% 35%)

3.0

o

P (atm) 2-0 D

1.0 C

0.0

00 1.0 20 3.0
V(L)

@ A°lAM B 74X B a & AXAM =B 4F d3 45 T3t (57)

Wag=-PAV = -6 L-atm = -600 J
g = nCpAT =5/2 nRAT = 2.5PAV= 15 L-atm = 1500 J

(b) A °lX E%&ste] }A a b c, d & T8 T A 2 Sok& FF A 2" JeiAE
4, ¢, E & T3t (5%)

A—AT YEdE CAE=0

w=-(ABCD¢] ¥4)=-3L.atm=-300J
q=-w = 300J

©) A °lA C 74X ¥7+9A 34 (irreversible process) § 3] =23 3¢ o] H7tg 3 3
4E, 7Fesithd 9 a2d Aol YehlA L. (53)

A7k BAL 99 27 9ol e & gl



d) # (© 9 B¢ AlE"d 7HEAE 4, 4, 283 3 49 FE 7 Faet (53)

qwE Fol7 ARl dEstuz, ukele) A9 ¥ S+ gk
S8 U AE = (3/2) nRAT=0 (* PAVa=Pc V)

() AdA Cc 2 7l &2 A (Isothermal process) 9|4 A|2H] 718iAE &, 4, €3
a9 s T3kt (53)

G = w = -nRT In(V2/V1) = -P1Vy In(V2/V4) = -(3 atm)(1.0L) In(3/1) = -3.3 L-
atm
=-3301
q=-w=330J
AE=0

0 A A 79 wdgRe S8 1oz gEo] ZYTH o Ryjs LEx ofw
A WA (54) olw A& T2 (57)

G FA M= PV =PV, Y, y=(Cp/Cy)=5/3
A%l 7%, P;=3atm,Vi=1L;P;=1atm,
58321 XV, V,=3%=103L
olufl, P;V; =RT; — T1= (P1V1)/R
P2V2 =RT2 — T2= (P2V2)/R
AT =-(L/R)( P1V1- P,V,) = -(1/0.08206)(3-1.9) = -13.4 K (5%)

. AE=CyAT= 3/2R AT= (1.5)(0.08206)(-13.4)= -1.65 L-atm = -165J
g=0
W = AE= -165]



[7] (% 10%) (a) Balance the following equation for the reaction that occurs when chlorine is dissolved
in basic solution:
Cla(g) — ClOs(aq) + Cl(aq) (53)
Stepl. We solve this by writing the CI, on the left sides of two half-equations:
Cl,—ClO5
ClL,—CI
Step2. Cl,—2CIO7’
Cl,—2CI
Step3. The first half-equations becomes
Cl, + 6H,0 —2CIO5
Step4. Now the first half-equation becomes
Cl, + 120H —2CIO35+6H,0
Step5. Cl, + 120H —2CI0;+6H,0 + 10e’
Cl+ 2e —2CI
Step6. Multiply the second equation by 5 and add:
Cl, + 120H —2CIO3+6H,0 + 10¢
5Cl,+ 10e—10 CI
Total: 6Cl, + 120H —2CIO;™+ 10 CI' + 6H,0
Dividing this equation by 2 gives

3Cl, + 60H — CIO5;+ 5 CI'+ 3H,0

(b) If 31.66 mL of 1.306 M NaOH was used, what will be the amount (in grams) of Cl,(g) that was
dissolved? Molar mass of Cl = 35.5 g mol™ (53)

31.55 mL x 1.306 M = 0.0413 mol NaOH
3Cl, + 60H — ClO3+5 CI'+ 3H,0
0.0207mol  0.0413 mol
. 0.0207 mol Cl,
0.0207 mol <2 <35.5 g/mol =1.47 g



8] the e

A4S E3 HCIY &3 899 E+= (TS HCIE mole fractionoll &l plotdk o]
. oS ESo ds galet B9 EAS 18 g molt, HCI2] A 36.5 g molt ©]
(& 15%)
T, (°C)
108.58
100
- - 111
0 0.111 1
Xiicl
(@ ¢ FHF o FHL A7 FAEL Yv|ster? 53)
9] ZA:vapore] A
otg] ZA: Liquidy %A
(b) 19} Zo] o] &M o ZRE deviationg HolE o]fE AU (57)
E-HCIY] Interaction®] &-&, HCI-HCI9] interaction Bt} ¢ 73817 W&
(c) & 18g¥ HCI365g ©] 4 d+= &S FTHIH F 7HA 2= HTHAA EHo| FF/
Ho] Y2ttt WA ofd AE 2 go] B BN 9 Ui tF od o] Z go] 2 &9
A BAYLY? (53)

Azeotrope nNpci/(NH0+NHer) = 0.111

Nuer = 0.125,  since Npo =1
HCl: 36.5g < 0.125=4.56g (&2 <)
36.5¢ -4.569 =31.94g (&%)
=, 31.94g2] HCIo] -111°Coll A #2], 108.56°Col Al & 1893} HCI4.5692] azeotroped

_7_



[9] Barium chloride has a freezing point of 962 °C and a freezing point depression constant of
108 K kg mol™. If 12g of an unknown substance dissolved in 562 g of barium chloride gives a
solution with a freezing point of 937 °C, compute the molar mass of the unknown, assuming no
dissociation takes place. (& 107%)

AT =937-962 = -25°C = -25K
m = —AT /K¢ = 25K / 108 K kg mol™ = 0.231 mol kg™

129 solute/0.562 kg solvent = 21.35 g kg™

.21.35/0.231=92.4 g mol™

[10] A metal reacts with aqueous hydrochloric acid to produce hydrogen. The hydrogen (H;) is
collected over water at 25 °C under a total pressure of 0.9900 atm. The vapor pressure of water
at this temperature is 0.0313 atm. Calculate the mass of hydrogen per liter of “wet” hydrogen
above the water, assuming ideal gas behavior. (5107)

Ph = P ot —Przo = 0.9900 — 0.0313 = 0.9587 atm
Nk = (PV/RT)
Nwe/V= (PIRT)

Nh./(1.000L) = (0.9587 atm)/{(0.08206 L atm mol™ K™)(298.15K)}
=0.039185 mol L™

2.0 g/mol x 0.039185 mol L™ = 0.0783 g/L = 0.08 g/L



[1] oFefl Aol "HebrAl (7 53 =107)
(@) 5.00 mol2] °]“d7] A7} A (constant) == T =298 K A4 10.0 atmel] 1.00 atm&.= 7} 4 o,
= (reversibly) % W, ASys, ASeur, ASw B TEHA] L.

) YA ASys = Qred T

Jrev = -W = NRT In(V>/V1) = nRT In(P1/P,)
= (5.00 mol) (8.314 JK™*mol™)(298K) In(10.0)
= +28.5 kJ

7+ ASgys = Qrey/T = 28500J/298K = +95.7 JK™* (37
The surroundings give up the same amount of heat of the same temperature

. ASgur = - 28500J/298K = - 95.7 JK*  (14])

e AStOt = ASSUI’I’ + ASsys - 0 (1@)

() whek 91e] mgo] w7kl H o 2 (irreversibly) ol 75, 9% kel 1.00 atmel 174 o]
S1ATHE, o] ASys, ASer, ASeE T8HA 2. (L Latm=1001)

) WA R ASq = Qe T = 285000/298K = +95.7 JK

frFatd Si= state function ©]aL A &3t wiAt |7} a)e} Fomw
V1= (NRT)/P; = [(5.00 mol)(0.08206 L atm K™*mol™)(298 K)]/ (10.0 atm) = 12.2L
V,= (nRT)/P, = [(5.00 mol)(0.08206 L atm K™*mol™)(298 K)]/ (1.0 atm) = 122L

For the system,
Qirrev = “W irev= PexeAV =(1.00 atm)(122L-12.2L) =110 Latm=11.0kJ  (3%)
(""AE =0)
wh2kA | surrounding®ll = g =-11.0 kJ
"o ASgur = /T = (-11100 J) /(298K) = -37.0 JK* (17

o ASit = ASgur + ASgs =-37.0 K'+ 95,7 JK' =587 JK* (1)



[2] tFe2] wkgol thal 25°Cell A €] equilibrium constantS T34 Q..
3NO(g) = N20O(g) + NO(g)
Jdastd oty #ES AMESHAI L. (BF)

AHP(25°C) | $°(25°C) AGP(25°C) | C,o(25°C)

kJ mol™ JK'mol* | kImol* JK! mol*
NO(g) 90.25 210.65 86.55 29.84
N,O(g) 82.05 219.74 104.18 38.45
NO2(9) 33.18 239.95 51.29 37.20

) AG® = AG{° (N,0) + AG¢° (NO,) - 3AG;° (NO)
= (1.0 mol)(104.18 kJ mol™) + (1.0 mol)(51.29 kJ mol™) - 3(1.0 mol)(86.55 kJ mol™)
=-104.18kJ (275
InK = - AG®/ RT = [-(-104180 J)]/ [(8.314 JK™'mol *)(298.15K)] = 42.03 (27%)
(To keep the units of the calculation correct, the AG® is rewritten as -104.18 kJ
mol™, where “per mole” signifies “per mole of the reaction as it is written.)
K=e%%=18x10" (1%)

[3] tFS WH$-¢] equilibrium constant”} 600Kl 4] 5.5x10° o]t}

CO(g) +3H2(g) === CHa(9) + H20(9)
CH4, H,0, CO 7}2~5& 600K~ ¥l Containeroll =} %% partial pressureE =73}, 2+2F 1.40
atm, 2.30 atm, 1.60 atmo] It} HE-G-o] dojupi] FFPo] o] FofZ Fo] H, 7}2~9] partial pressure
& T8k 2. (107)
(cFEe} 2ol TAY x @A FAE EoloF FEAST dFUH

) K = (PchPro) (PcoPr.)
CO(g) + B3Ha(g) === CHi(@) + H,0(g)

Initial 1.60 0 1.40 2.30

Change  +y +3y -y -y (24)
Final (1.60+y) +3y 1.40-y 2.30-y (2%4)
- [(1.40-y)(2.30-y)])/[(1.60+y)(3y)*] = 5.5 < 10°

Since K is so big, y should be very small,  (27%)

- [(1.40)(2.30)]/[(1.60)(3y)*] = 5.5 < 10°  (1%])
y=134x10% y=238x107 (2%)

S P =3y=71x10%atm  (1%)



[4] A=A (Enzyme)e] =l 2H-8-ol A 2] kineticsi= Michaelis-Menten2] 0.2 G0 2] A] =
7AYUES o] &3hal, Steady-State approximations AR-&3lo] WHE&% d[P/dt & AUl HxF
%= [Elo, [S], 283l Ky = (katko)k, &= ©]-&3ste] st (S vh=A] & A). (107)

K,
E+S == ES

K4

y
=
)
lo
=2

k2
ES —>= E+P

=H) d[ES}/dt = 0 = k,[E][S] = k4[ES] - k,[ES]
[Elo = [E] + [ES]

d[ES]/dt = 0 = k{[E] o [S] — ki[ES] [S] — k1[ES] — k2[ES]
[ES] = {ki[E]o [S] }={ki[S] + (kat k2)}
={[E] o [S] }~A{[S] + (ka+ k2)/ ki}
A7 K = (katka)/ky
then,

[ES] = {[E] o [S] }=A[S] + Knm }

. d[P}/dt = k, [ES] = { k, [E] o [S] }/{[S] + Km }



[5] o1® 3}8kak-3-2] activation energy-> 50 kJ mol™*o]

2t R=8.314 Jmolt K*
(@) Z1|E AF&3l4] activation energy=

40 kJ mol'*® w31 300 Kol A] Wh&&

o2 B o= A
=72 (5’,@)
(&) S E AFESHA] @S wo] HbE-E5 /S ky, activation energyE E,, =i
E AHESIlS wo] WSS RS E k2t S,
Ink, = InA - £ (1)
4E,
Ink, =InA-—2 )
RT
(2)-(@1)
-1
Ink_2= E. _ 50kJrr_|10I_1 _ 401
k, 5RT (5)8.314 Jmol*K*)300K)
K: 551
k1

(b) e AMEahA ko Smk MAA ukeEE
A7) Y e B oA Hheg A

o= AlAF =7k (57
)
Ea
Ink, = RT, (3)
Ink, =InA - E. 4)
RT,
4)-@©)

-1 -1
1ot 4o Rl 40 B38ImOl KD 5 67 102k
T, T, E, 300 50kJ mol
=

TE 375 KE 8 whg S5 5 55149 iR



Qo3 ol FHES AMRIAL
Na = 6.022x10%
h=6.6261x103*Js, ¢ =2.9979x108 ms™, 1 eV = 1.6022x< 10%°J, R =8.314 J mol* K™

[6] Ne €1#te] HFdx ~HEHS B 9.890 x 10™ m2| x-rays AH£3130 S
oA 7} 7+7} 383.4 eV, 1205.2 eV, 183l 1232.0 eVl A peak’} #2= Slch.
(5x 4=20%4)

*OSUE 3 AE 7h4, 9.89x10'mE A A 2 Ao Z Fof ¢ A4 e 7 A+
= 2 & (@7HA o] Realistic values)

(@) Ne9] o]l A& kiimole] @9 = F3FA] 2.
Ephoton = NCIN = [(6.6261x10°** J 5)(2.9979%x10° m s™)]+ [(9.890 x 10™ m)( 1.6022< 10™°J eV™h)]
=12536 eV (1253.6eV)
IE = 12536 eV — 1232 eV = 11304 eV (21.6eV)
In kd/mol:
11304x (1.6022> 10" eV'?!) x (6.022x10% mol™) = 1.09x10° k/mol (2084 ki/mol)

(b) Nes ol Z3tet=dl o Hughe] W 3s nme| @9z T35k L.
A\ = hc/ IE = [(6.6261%x10* J 5)( 2.9979 x10° m s™)] + {11304x (1.6022< 10™°J eV}
=1.09 x 10 m = 0.109 nm (57nm)

() 919 HHZHE Ne AAE9] binding energys < -3k} (eV)
BE= &photon —(KE)electron
12536 eV — 1232 eV = 11304 eV
12536 eV — 1205.2 eV = 11331 eV
12536 eV — 383.4 eV = 12152.6 eV

(€phoron = hCIN = [(6.6261x10™* J s)( 2.9979x10% m s™)]+ [(9.890 x 107" m)( 1.6022< 10™J eV")]
=1253.6 eV
383.4 eV — 383.4-1253.6 eV = -870.2 eV
1205.2 eV — -48.4 eV
1232.0eV — -21.6 eV)

(d) FAAR=AEG ] Al 79 peakE ZH7F Ne (1s%252p%) © oW eujgoA o= Al
L7k

KE BE

383.4 eV -870.2eV —1s

1205.2 eV -48.4eV  —2s

1232.0eV  -216eV  —2p



[7] tholl sl bekakAl sk v hefstAl A aket (7F 54 x7=35%])

(a) Lanthanide contraction

The general reduction in the radii of atoms of sixth-period elements that occurs during the
filling of the 4f-orbitals (or Y71 YAHET 7} S7Fshd YAHEA] & 9] z;-f:—o]
dojit}m E3] transition metal - A H 3d =& 4f 2 H|ES Y oF = AL

F717F AAEA 9388 AR EY 47 dojd = t})

(b) 4f — orbital®] radial node ~+=?
n=4, I=3
n-1 = 3 total nodes. Of these, three are angular (1=3) and zero is radial.

(c) O7F Nell Hl&f o] &8} YA 7} e o] fE?

N 1s°2s°2p®

%0 1s*2s%2p*

Ao AAEAE pAlEel 371e] AL A o AR Foll 1o WAL
H AAA e o]Folok stal HE o 7@17(}—2—2},] whabe w 2o AbAe] o]
23} AUA|7} o 2 (F Alae g, E2 33 AR TV dojoF =
227} olesizt Hd dast =7 B ol2dlM WS AT FHE 4T
t}.)

(d) Pauli Exclusion Principle
Two elements with the same spin may not occupy the same point in space at the same time.
(or o1 AW RE AT FAD FHE AE 5 glh



(e) Zero-point energy

The energy that remains in a quantum mechanical system even at the absolute zero of
temperature

E vio,v = hv(v+1/2)

Note that even in the ground state (v=0) the vibrational energy is not 0.

(or dAke] =2 dell Aghe] 7hsd w) 1 oY A= A&s] 0o 2 = Ut o]
= =AY A dzelt

(f) Heisenberg Uncertainty Principle

The product of the uncertainties in the position and the momentum of an object must exceed
a lower limit.

(AP)(AXx) = (h4m) =, olW g Af-ol®= JAY +5FH A& BF Jgs] =
dots A2 Er7bsslth SA o S8 gl =4,

(9) De Broglie wavelength formula

The wavelength of a moving body equal to planck’s constant divided by the momentum of
the body

A=h/mev=hlp (}3 52

RE $EFE YAE BEAL Yz ATk



[8] HO; is a highly reactive chemical species that plays a role in atmospheric chemistry. The rate of the gas-
phase reaction
HO2(g) + HO2(g) — H202(g) + 02(9)
is second order in [HO,], with a rate constant at 25°C of 1.4 x 10° L mol™*s™. Suppose some HO, with an
initial concentration of 2.0 x 10® M could be confined at 25°C. Calculate the concentration that would
remain after 1.0 s, assuming no other reactions take place. (10 %)

13.16 The disappearance of the HO, is second order in the concentration of HO,. Hence

1 1
[HO;] ~ [HO:]o

The [HO2]o and k are given, so [HO,] after ¢ = 1.0 s is 3.5 x 10~° mol L.

= 2kt

[9] The vapor pressure of butyl alcohol (C4HyOH) at 70.1°C is 0.1316 atm; at 100.8°C, it is 0.5263 atm.
() Calculate the molar enthalpy of vaporization (AH.,) of butyl alcohol. (57%)
(b) Calculate the normal boiling point of butyl alcohol. (5%)

9.68 (a) The problem is easily solved by substitution in the Clausius-Clapeyron equation:

| (Pg) —AHup ( 1 1 )
Al = | =———| ==~ =
Py R T T
The problem gives P; and T; as 0.1316 atm and 343.25 K and P, and T3 as 0.5263 atm and
373.95 K. Solution for AHy,p, gives 48.19 kJ mol ™.

(b) We now set P, equal to 1.000 atm (at the normal boiling point) and T5 equal to Ti:

1 (( 1:000 _ —4819x 10 kImol~! /1 1]
"\ 01316/ = "83145J K-'mol-' \T7, 343.25K

Solving for T}, gives Ty, = 390.1 K, which is equivalent to 117.0°C. Note that substitution of
the other P, T pair (0.5263 atm and 373.95 K) for P; and T3 in the equation gives the same
answer.



[10] Suppose 1.00 mol of water at 25°C is flash-evaporated by allowing it to fall into an iron crucible
maintained at 150°C. Calculate AS for the water, and AS for the iron crucible, and AS,y, if c,(H.O(l)) = 75.4
J K™ mol™ and c,(H,0(g)) = 36.0 J K mol™. Take AHy,, = 40.68 kJ mol™ for water at its boiling point of

100°C. (107%)

8.20 Consider first the reversible heating of 1.00 mol water from 25°C to 150°C. This process
consists of three steps: heating water to 100°C, evaporating it, and heating steam to 150°C.

g = (1.00 mol)(75.4 J K~'mol~)(100 — 25 K)
+ (1.00 mol)(40680 J K~ mol~") + (1.00 mol)(36.0 J K~ mol~!)(150 — 100 K) = 48,135 J

AS = ncp(lig) In % + nA—%ﬂ + nep(gas) In %
373.15 40680 J mol™!

= (1.00 mol)(75.4 J K~ 'mol™1) In —— ;
( mol)( J mol )ln298'15+(100m01) IR K

423.15
1.00 mol)(36.0 J K~ 'mol™!) In —— = 130. e
+ ( mol)(36.0 J mol ") n e 1305 J K

Now consider the irreversible process in the flash evaporation. Because S is a function of state,
AS for the water is unchanged.

ASusee= 13053 K™

From the point of view of the iron, however, the heat ¢ = 48,135 J is removed at a constant
temperature of 150°C = 423.15 K. Thus the final state of the iron is the same as would be
achieved by removing 48,135 J reversibly at fixed temperature.

o _ 9 _ 48135 “1
Adion =g =" g Ty — AR &

ASiotal = 130.5-113.8=167J K" ! >0

ASwater (3@)
ASiron (3@)
AStotal (4@)



