o_ = =~
12 (=g %=ey¢%=e>+1
oM _ ON

(b) &7 Jy ax_l

0 d
a%=x+2y=x+df§, g(y)=f2ydy=y2+c
webd =+ xy+y? +C. A7 Ce B

(g v M _ON _ s,

dy ox ¢°
B3 fxy): f= dey =(1+e)y+g);
d, !
%:e"‘yﬂ—%:ex(y_x), gZ—fxe*dx-i—C:e'”(l—x)-FC
.. OM _ON _ . >
(d) & . 3y = ox 6xy
RSOy = [ M+ g() = S5+ 6y + g(0)
0 d . 3
%: 3x2y2+7§= 3y +yY), g=/3y4=§y5+c

_(oV av _ 2 OV _ OV
13 av= ( e )hdr+< o )rdh = 2arhdr + ndh; St = S0 = oy

14 @ av=(P+8)av-ELap © %:%& --&

28 _BHY M1
24 () (o} A%k ghell A R=0.08205 L « atm/mol)
AZ2D):w=T50RAU=1125R, q=187.5R; AH=1875R
A& (i): AU=0; g =w= RLIn(V,/V,) = (373In2)R; AH= 0
A2 (i) g=0;w=-AU= 1125 R; AH= C,AT=—1875R
25  PAV=(1atm)(1674 — 1 cm’) = 40.51 cal (& 1g0] 232 | e’z 7}A)
26 (A)w=PAV="T31cal; AU=g—w=9730 — 731 = 8999 cal; AH = g = 9730 cal
(b) AU = g = 8999 cal; AH= g = 9730 cal
(c) w= PAV=—0.0395 cal; AH = g = 1436 cal; AU= g —w = 1436 cal
27 T,=2356K;q=0;—AU=w=144.0 R = 1.20 kJ/mol; AH = AU + A(PV) = —201.6 R = —1.68 kJ/mol
28 (9)7;=2714K,P=1105kPa (b)7,=2779K, P=1079 kPa



29

210

(@) w=RT(1—P'/R)+RT(1 = P/P') (b) dw/dP’' =0, .. P’ = /RP
() Wi = 2RT(1 — VP /R)

(@) P-VHA V=10L, P= 10 atm& FA S & 3}+= ¥tH o] 591 ¢
b)yw=257 Leatm=7958]=¢q "~AU=0

(©) Thax = (10 + 5/y/2)*/R = 2233 K; Toin = (10 — 5/4/2)%/R = 509 K

3%_Hoyet H2EA

3.3

3.4
3.5

3.6
3.7

3.8

3.9
3.10

43
41
4.2

43
44

4.5
4.6

A Vi Vi
(a) A“éqirr/TZO '°' 6q”r:01(b)'/‘; 6qV€V/T:'/‘;I (P/DdV/T:Rln(%/‘/l)

) w=CcW/B—-VL)

(WA Nr=1q wI=T/(Ti—=T); QB nr =gl 1wl= T/ (T, —

(b) w=q./nr=79.71 kcal/ (273 K/30 K) = 8.76 kcal
(b) 678.6 K
(a) W= Wy, + Wea = (Pab - P(rd)(vb - Va)’ (b) Tcd > Tab;

(© w=q T, —T,)IT.: (d) ATIT. AP =—0.0906 cm’/79.8 cal = —2.75x 10 */atm

1)

(a)f&’ f5‘1+ f&I_o RIn2 < 0; () AS=-R1n2; (c) AS=RIn2; (d) AS=RIn2 g/T=0

1t Pl

AS = mgh/T= (1 kg)(9.80 m/s*)(1 m)/(273.15 K) = 0.0359 J/K

(a) AHug =—2099.4J; ASy, =—6.29J/K (b) AH, =2099.4J; AS,=7.08]J/K

(¢) AH = AH,,,+ AH, = 0; AS = AS,, + AS, = 0.79 J/K > 0

HE=ZTO| =d|X o|0|

Agzdd W dq,,=dH

(a) 1Zo]&al 8}, AS/R = In(V,/V,)= Aln Q_; < O

(b) AS/R = Aln Q,+AIn Q.. = C, In(Ty/T;) + R In(V,/V,) = 0

|
(@) Q200(100) = m

(@) g=1+e limg =1, limg =2 (g3 5012 2= g 7e] A7t 9le
T- T—- o

ol ?‘fﬂﬂ)

—slkT
(®) P(0) =55 P(e) ="
©@U=0- P(O)+8-P(8)

€ .
W th 0, TILIIDIOUZ

@ 2 ==[P(0)InP(0) + P(€)InP(&)]
(@ AS=RInd () AS=RI§ (c) AS=RIn(32/27)
ASIR=0.186

|,

SR HZxSHA

5.3

(a) AU= 0; AH = 0; AS = R In2; AF =AU—TAS = —RT'In2; AG = AH-TAS = —RT In2
(b) AU= CAT, — T\); AH=C(T, — T)); AS= S, = S, = C, I(T,/T}) — R In(P,/P));

AF = AU —T,AS — (T, — T))S,;; AG = AH — ToAS — (T, — T)S,

=

0] -

T

.

ERREE



() AU= CAT, — T)); AH= CAT, — T,); AS= S, — S, = C, In(Ty/T});
AF = AU —ToAS — (T, — T))S,;; AG = AH — T)AS — (T, — T)S,
(d) AU=CAT, = T)); AH=CAT, = T\); AS= S, — S, = C, In(T,/T));
AF = AU — TAS — (T, — T\)S; AG = AH — TyAS — (Ty=T))S,
54 (a) AH=1021L * atm/mol (b) AU=0.0523 L * atm/mol (c) AG=10.27 L * atm/mol
(d) AF =0.0052 L » atm/mol (e) AS=-1.962x10"*L » atm/mol * K
55 ¢=AH=296 cal/g, AU = AH— PAV 266 cal/g; AS = AH/T— 1.02 cal/gK AF =AU —TAS = -30 cal/g; AG=0

56 (2 GB—GA—f(gg)dP deP Fo—Fy = f(g{j)dv deV

(b) (Gs— Ga) = (Fy = F) = fvap+fpdv= fd(PV)=PBvB—PAw
A A A

(c) AG = AF + A(PV)

6§_EOO

-Be —&/kT
Ee __ 1 oUu _ (€& e
rer © 6 =—grop i) ey

61 @qg=1+eP b)U=<e>=
(d TILIEOCV =k; }i{l’(l)Cv =0

6.2  S,s(monoclinic) — Sy(rhombic) = (8.810+0.05) + (0.261£0.002) = 9.07+0.05 cal/mol * K;
Ss55(monoclinic) — S,(monoclinic) = 9.04+0.10 cal/mol « K. o] 5] A& 2t Mol Mz gorg,

Sy(monoclinic) = S,(thombic). Sy(rhombic) = 0], S (monoclinic) =

fim(57), = (=33, = 0 e o) in(G) = him( ) =0tie. a0

64  (2) ASyssar =22 cal/K (b) W <— AG)zp =— (AH— TAS) = 5485 cal

6.5 (a) AH"=66,752 J/mol (b) AS° = 157 J/mol-K

6.6  AHZ, =—402.7 kcal/mol; AS% =—77.9 kcal/mol+K; AGA, =— 270.3 kcal/mol
6.7 (a)x=0.0426 (b) AS=0.0056 J/K

6.8 T7,=2976K

6.9 (a)7,=1597K (b) 7,=1922K

6.

w

71850l Y
71 ) (a“‘> >0
T

72 3169.5Pa(0.071% Z7})
73 A E(H)RFEH A%
74 (a) AG(298 K) = AH — TAS = 2.898 ki/mol
(b) AG > 0o] 22 B¢
(0) AG,;, = VAP = 346.4 J/mol
(d) 14,928 atm (= 15,000 atm)
(e) AG(900K) = 4.921 kJ/mol
75 1202 K (A= 1180 K)
76 252227 A 00406, <2 3 0.0532




7.7 (a) 1946 K (b) p =73.2 atm
(0) I atm S} A= ice7} -2 wl] A A7}
72 koo z
(d) 73.2 atm (25°C ol 4] CO, A £} 7] 7}
=T w B rE 2 AA 67 719h)

7.8
P
4650 =============- Yom ==
slope = 277 atm/K
slope = 75 atm/K | 1slope = 1054 atm/K
.
ﬁl
a ' B
:
slope = 292 atm/K E
.
lp=-=-======-=---- / 1
36 445 T
7.9 909.2C

SE_ZTIIN|
83 (u—W)IRT=InP
2L 2L
84 As= [ (g—‘S/) av= | (%’) dV=071R;
1L T 1L v
2L 2L
AG = | [f (g—g)TdV - ,/ V(%—{j)TdV =— 2273 L-atm/mol

85 ()x=1/2 (b) AGY =—RTIn2= AGY (©)P=2atm (d) AGY =0= AGY

86 (1) AG" = RI( 15 Inr + & ints+ 8- 8o) (6 n=4 (0 AG"=-(300 3R

8.7 (a) ASS =—RIn0.5= 576 J/mol-K
(b) SK = S%s(Ar) + ASX = 154.72 + 5.76 = 160.48 J/mol - K



AS Y ASY

9.2  RTIny, =—38.300x2,
9.3  a,=0444
924 @VY¥=y, —xg% =100+25x% V=V, —xA% =80+ 2.5x2
B A
(b) AVM = 2.5x,x,
9.5 x,=0507.
96 (a)AT=121K (b) AS=3.50 cal/K
9.7 AT=237K
98 Gr"=oax}=—2870 J/mol

9.9 (a) AH'=16061 (b) AS,, = —1.07J/K; AS,,, = 11.94 J/K
910 @ 7, =222 ) or,10p = prar



10_28EAH2 A XU X H =8 13

10.1

10.2
104
10.5
10.6
10.7
10.8

(@) (®) (c)

e B s
I e T ety i
1
1
I
I
I
I
1
1
i it aintails b b R
I
I

A Xp B A Xp B A Xp B
. G
(@) ag, = xze" ™ (be) ap, = agy,exp<77’~> =0.786 * ay,
BT, = 1443K:; T,, = 722K () T, = 577K (d) x;= 0.778 (¢) ¥,
(a) AG" = —11,140 J/mol (b) AG" =0
MgOol Al Ca02] E 888 % x0p = 0.066; CaOol| Al MgO®] E3H-3l X2 2,0 = 0.15
(@) 2418 K (b)x, = 0.62 (c) 2444 K (d) x, = 0.38
@) ar, = 0919 (b) g, = 095

11E_71M7|212] Bfetits

1.1
11.2
1.3

1.4
1.5
11.6

AH° =888 R=17.38 k]

(a) 1428 K (b) 164 atm.

(a) Py, = 0.2488 atm; B;, = 0.7465 atm; By, = 0.0047 atm

(b) R, = 0.4909 atm; B, = 1.4727 atm; Py, = 0.0182 atm

Xy, = 0.198,x00, = 0.198,x0 = 0.552,xy,0 = 0.052

CO,/H, =1.276

(@) B, =1.05 X 10 atm, B, = 0.0756 atm (b) B, =3.31 X 10" atm, P, = 0.756 atm



128 _STYI I 2t0| stotitg

121 (@) P, = 1.12 X 107" atm

122 (a) K,, = 3026; AH’ = —49.91 kJ; AG’ = —66.64 kJ (b) NiO7} £+¢).

123 (a) Pyo=8.14x 10 atm (b) AH’ = 6395 % 10° J; AS" = 3099 J/K (¢) P, = 10~ atm
124 (a) 2H,0,, + Si,, = SiO,, + 2H,,, (b) K,, =2.88x 10" (c) < 0.19 ppm

125
. . . 873
1.10 i
105 -
973
— 100} -
3
= <
= 095t 1 =
= 1073
0.90 - i
085 11173
0.80 -
' ' s 1273
—-20 -15 -10 -5 0

log(P,,/atm)
12.6 CoO7} Co=z 3914
12.7  AH{=-37.215 kJ/mol
12.8  AGA-S Sloll A FE] 2|t 2 (i), (i), (iii)e] 2+ 814, (i) Mg, (i) Mg, (iii) Mg,; 7, = 928 K,
AH,, = 8.67 kI/mol, AS, = 9.34 I/mol « K; T, = 1372 K, AH, = 133.92 kl/mol, AS, = 97.62 J/mol * K.
129 (a) AH’=1.666x10° (b)) T=1168K (c) T=1165K
(d) o] 7714 W Z of] o]ato], P=1.23 atm

)

AB,_, el &84 o] 24 & (40)(BO),_ B 31, x = 0.294, y = 0.929

e

134  (a) AGY,; =— 31,978 J/mol
B a,=ay=a,,=1
© - I
P, =3.139x10 atm

ay =6.903x10"° P,

[~

Py =2.167x10 "atm




(d) aya, = /T = 0.0069

039D

) (i) F=1CF 7% 49 (i) F

g

3

o)

o

2(

(b)

(iii)

) NN /
< Ny /
AN INC
= VN
= (AN
VN
< ARV
e — T
=T \
R AN
=z AN N
&} 170N \ N
< Va \ A

’ \ \ \
i \ \ \
) \ \ \
’ \ \
/ \ \ N
7 \ \
’ \
/ \ \
’ / \ \
~17 / \ \
“ / \
/DID\ o) xQ xQ xQ
G N
S M S 3 S
= S = _= _=
&~ B IS IS
54 R 54 x
=}
=
&}
— <
Q
~

(d) ay = 5869 %107 a, = 5.557x 107

13.6 X,=8.19%x107*(

0.0819 ppm)

(a) ap, = 0.0671 (b) apg = 0.791

13.7



