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1. 10 mol BARTIRHI 25 C . 1.0 MPa JZK$] 25 °C, 0.1 MPa, Hrif#ey:
(1) HHEK;

(2) XfHitEsE 0. 1 Mpa gk ;

(3) i REZhK

TR B B 2 P A R X PR A 2

B RIERBIHSAR W = [ p.v i,
(1) Bk p, =0, W =0,
(2) FHFSERK ., W

1 1

W:—mAV:—pﬂRﬂ;:_E)

=—0.1 MPa x 10 mol x8.314 ] - mol ™' - K™' x298.15 K x

(6.1 vira ~ 10 )
0.1 MPa 1.0 MPa
=-22.31kJ
(3) HHRFRATSSRE, W

W = — aRTIn"2 = nRTInP2 = — 57.08 kJ
VI P

2. 298 K if, #0.05 kg % N,H1 0. 1 Mpa S8 A ¥ k45 5] 2 MPa, X115 F2 1
o) WRBE R4 T S ARTE BTN R 0. 1 MPa T 48025 I3 B i 15 100 1) J o tR A, I otk it
BT &2

B N,MYErE RN

n=4iL_l=l.79mol
28 g « mol
XfFAER AT R SE, AR ERSERERINIHEARX, 5
W,:nRTln&
P
] R 2 MPa _
=1.79 mol x 8.314 ] - mol K X298KXln0.lMPa_l3‘29kJ

JHTAMNE 0. 1 MPa 25 RIZAK, MM EdRAEREIHTR AKX, &

Wz = —p,x(V'z— Vz) - _py(nIﬁT B n[})eT)
2 2




=-0.1 x10°Pax1.79 mol x8.314 J - mol™' + K' x298 K x

Ry T
0.1 MPa 2 MPa
=-4.21 k]

3. 1 mol BJE-FHMASI, BAMERE H273 K, BN 22.4dm’, T =4
MIEGRA, HITREL RN Q, WHIAU

(1) SRR, miGER] 546 K PR,

(2) % (546 K) nlifgfk, i (1) ARAESE] 44,8 dm’ APRE;

(3) &FEARH (2) MRERBGA,

(1) By, M TSIk C,, = %R, e
W=- jp,,dv =0

Iy
AU= [ €T = nC, (T, - T,)
T

3
=n-SR- (T, -T)
=1 molx%xS.SMJ-mol" - K™ x (546 K - 273 K)
= 3404.6 ]

Q=AU-W = AU = 3404.6 ]
(2) BRI,

V. 3

W=-nRTln-—> =-1mol x8314J-mol™” + K' x546 K x lnw

v, 22.4 dm
=-3146.5)

AU =0
Q =-W =3146.5]
(3) XGRS,
nRT,

W=—pAV=_ (Vl_V})

1
1 mol x8.314 ] - mol”' - K™ x273 K

= = x (22.4 -44.8) x10”° m’
22.4 X 10~ m’

=2269.7 ]
AU= nC, (T, - T,)

V,m

o molx%x8.3141-mor‘ cK' x (273 K - 546 K)

- 3404.6 )
Q=AU -W =-3404.6 ] -2269.7 ] =-5674.3 ]
4. KAk, HC,,=20) K" - mol ', BUATIZSA 10 mol 4 F 283 K, RH]

<D s



TQIJTIIJJ

Qy =AU,

M&i\ﬁifﬁ'xl
(2) PR AR PR oI A 48 5
(3) EIREFEAAE,

CUATHA A (0 IEH W 350 K, BEINA9IRAERS A, H, =38 kJ + mol ',
TR SRS C,

gieTHl % 566 Ko IR E ER Q. W, AU, AH, FFHEZ,

g (1) FEdfe, V=0, HABARKRI, W=0, RERT2E—E/, £
AT AR UAAMAR R i, AU, F1AH, AT R ARG
Qy= AU, =nC, (T, - T;)
=10 mol x20 J - K™ - mol™" x (566 —283) K = 56.6 kJ
AH, = n,C,,_m( T, -T,))
=10 mol x (20 +8.314) J - K" - mol™" x (566 - 283) K
= 80. 129 k]
(2) P, O =0, HURE RGBT, B AUM AL S (1) Byt
FEAHIA], D
AU, = AU, = 56.6 kl
AH, = AH; = 80.129 kJ
RS s —E T, 15
W = AU, = 56.6 kJ
(3) &R dp =0,
AU, = AU, = 56.6 k]
Q, = AH, = 80.129 k]
W=- :zpdV =—p(V, =V,) ==nRT, + nRT,
=-23.529 kJ
K AR AU FI AH
Ae) A(D)
n =2 mol AU |n =2 mol
T, =400 K | an|T, =350 K
p, =50.563 kPa p, =101. 325 kPa

A BRI

=301 mol '« K™ (Z& M A HIALSIA) .
R ARYEMA A RY IR A 350 KRBT BT e i R AR A
A(g) A(g) A(l)
n =2 mol AU, [n =2 mol AU, [n =2 mol
T, =400 K | a#, |T, =350 K Aty |T, =350 K
. =50.563 kPa|  |p, =101.325 kPa|  |p, =101. 325 kPa
STV W AR B ST, 5525 P

UgE



AH, = nC, (T, - T))
=2mol x30J K" x (350 —400) K
=-3KkJ
AH, =nx(-A_H_ ) =-2 mol x38 kJ - mol ' =76 kJ

-
AH = AH, + AH, = (-3 -76) kJ =-79 kJ
AU, = nC, (T, - T,), AU, = AH, — A(pV)
AU= AU, + Aty = 0y (T = Ty) + &H, - A(pV)
=nC, (T, - T,) + AH, + nRT,
=2mol x (30 —8.314) J - K™ « mol™ x (350 —400) K -
76 x 10° J +2 mol x8.314 J - K™ - mol™' x 350 K
=—72.35 kj
6. 100 C, 50.663 kPa fi) 7k 7575 100 dm®, % nl 3% & 46 %5 101. 325 kPa, Jf-7¢
101. 325 kPa F4kZEE45 2 10 dm'
(1) ST R Q, W, AU, AH, EA1100 °C, 101.325 kPa F/K76 4 #H
4.06 x10* J + mol ™',
(2) AEZEYFER 100 C, i 50. 663 kPa Al HAKE A&, Kitid e
by Q, W, AU, AH,
(3) ALY HRMER 100 CnEEEL, HFHHKEZGE, K Q, W,
A, Al
R R, HS L SR R R, S A

e 100 C 100 C |
50. 663 kPa 101. 325 kPa 101. 325 kPa
100 dm® | AU, a, |V, AU 100 dm’
n(g) n (g n,(g)

(1) FKEI BB, AAFRTRE, W
AU, = AH, =0

Q =-VW, = AR 2L = mnVY T 2L
pLo) P2

50. 663 kPa

SE Y = —3511 ]
101.325 kPa

50.663 x 10° Pa x 100 x 10 " m’ x In

th p.Vs=p,Vy, i3

3
v, = 100 dm* x 50.663 kPa _ 5 4 s

’ 101. 325 kPa
TR SR PR B[R, AR AR N R K A9 EERT R, BnT R
A BE Y K I B R R
e p.Ya  psVs _ 101325 x 50 — 101.325 x 10
~¥ T T RF ORT 8.314 x 373. 15

mol = 1. 306 mol




i M AW L i S Y SN |

AH, =—-1.306 x4.06 x 10* ] = -5.302 x 10*]
0, = AH, =-5.302 x 10" ]
W, =-p,AV == [101.325 x (10 =50) ] J = (40 x 101.325) ] = 4052 ]
AU, = Q, + W, = (—53020 +4052) J = — 48968 ]
ik @, W, AU, AH 4
AU = AU, + AU, = - 48968 ]
AH = AH, + AH, = -53020 ]
Q =0Q, +0Q, = (-3511 —53020) ] =—-56531]
W =W, +W, = (3511 +4052) J = 7563 ]
(2) Mt BRAMAE SR (1) Mk, Brilitad FRRE RBUELE 5o
(1) Efass, (EfAak, &
AU = 48968 J, AH = 53020 ]
PR (E R
W ==p AV =-50.663 x (100 - 10) J = - 4559 ]
Q0 = AU - W = (48968 +4559) J = 53527 ]
(3) Mt SR (2) BEAH, HEAHREIMES. 48, M TRERBEL
i, fi
AU = 48968 J, AH = 53020 ]
F IRV
W=-pAV =0
Q = AU = 48968 J
7. 1 mol PAJEFHIARS A M 300 K. 300 kPa (HIEAS, W5 TV =c(e HHED) BiE e ]
WK E] 100 kPa B2, SRIZABM W, Q, AU, AH,
fi

n =1 mol n=1 mol
T,=300 K |—iT;

p; =300 kPa p, =100 kPa
R AR ARG T, 458 TV =c, WRIATRET,:

T, pVa 100 kPa Vs
T, ~ p,V, 300 kPaV,

AR, ANARARFIDI R, il
AU =nC, (T, -T,), AH = nC

AT = [%x8.3]4 x (173.2 =300) | J == 1.581 kJ

L T ¢
3T,

(1, -T,)

p.m

AH = [%x8.3]4x (173.2 - 300) | J = - 2.636 kJ

TV =¢, d(TV) =0



TdV + VAT =0, dV = -

¥ AV A SRR AR, T

var
T

oW = —-pdV = de% = nRdT

24
.
W = J nRAT = nR(T, - T,) = - 1.054 kJ
T

Q =AU -W =-0.527 k]

8. 7F 101.325 kPa, 423 K (9514 F, ¥ 1 mol NH, (g)Z5RJE445 10 dm’, £ R4
TOL T, fbdiisE o

(1) B ERAE A,

(2) BUERFEEMEAETFE, CHTEMEAEREE a=0.417 Pa - m® - mol %, b=3.71 x
107 m’ » mol ',

B AT RS AR, IREOHA R iRy, R, R TS AR AT TR 4
R,

(1) HEFRIARETR, 15

v, = nRT 1 mol x8.314 ) - mol™' - K™ x423 K

po 101325 Pa
= 0.03471 m’
W= nRTIn 22
=—-n n V]
3
— ol X & 314 ] - mel™ K0 %423 K o o
0.03471 m

4376 )
(2) XFF 1 mol AUk, MGG R Ty FE ] R A R A bR AR

(])+V)(V -b) = RT

T 6 . -2
(101325 Pa +0.417 Pa *m mol )

V
=8.314J-mol' - K" x423 K
V, =0.03464 m’

x(V, =3.71 x 107 m’ - mol™")

AR A, 15

W= ;;pdv T f:.( anib = at/n;)dl/'

V, —nb sd 1 1
——nRTan _”b—un (V_Z_V,)

=—1mol x8314 ]+ mol™ - K" x423 K x




" 0.0lm* =1 mol x3.71 x10° m’ « mol™' B
0.03464 m* = 1 mol x3.71 x 10”° m’ - mol™

0.417 Pa - m® - mol ™ x (1 mol)” x ( 1 T - l 1)
0.0 m  0.03464 m

= 4349 ]

9. UVHIE 373 K, 101,325 kPa iF, 1 kg H,O(1) AR M 1.043 dm’, 1 kg H,0(g) 1y
fRFN 1677 dm', H, O (1) (R EE R IKALAG AR (] A, H,, =40.66 kJ + mol ', 24 1 mol
HNUHmnKﬁMMﬁﬂms%kmﬁméﬁkaﬁg%Lmk

1) 7%k b Fe R 2 0 A8 o f i 3 5
) BUE RS K BARFI AT Z W AT, R 28 & i B ik B XTI B T B, It
%mﬁ%%mmﬁﬁﬁ;
) fBREH A ERARA, HZBBE KR, SRIER T RA D,
) K (1) kA, U FA, H,
w)m%ﬁﬁﬂ&Mhzﬁ$w§ﬁM%m
#8 75373 K, 101.325 kPa i}, /KAbFRBCF6HIRE . IR AR,

(1) EREHEIMNEIFE, 21 mol H,0 (1) %822 % M H,0(g) i}, £
W=-p(V,=V,)
~ 101325 Pa x (1.677 = 1.043 x 107°) m’ - kg™ x 18.0 x 10" kg
= — 3,057 k]

) A BRI EL,
W=-pV, =—101325 Pa x 18.0 x 10 " kg x 1.677 m’ - kg™’
= -3.059 kJ

3059 - 3057
T 3057

(3) AHEARSEERLAUR, HZBBESKGAER, )
W=-pV, =—nRT ==1mol x8.314 ] - mol' - K" x373 K
=-3.101 kJ
(4) A H, =0, =40.66 k] - mol™'
() +
n
(5) WHARZE K I N4 [ FE /N A A A8 O 431 AL R AU, 0 A E 2 T i
SrFRIG 4, B4 AU >0, [FIEHA R RS KT X SMBUE ), W<0, AU =Q +
W=0Q-|W[>0, 0 >|W|, BIZEEKKTERIMGI,
0m&ﬁaMKmlmdmﬁwkwmwdw%mrﬁﬂmdm,*mm%ﬂw
A0 Th AR RO B, EE RIS R R R o =5.563 x 107 dm”
mol >, 5=0.084 dm® * mol ',
fE RS FRANRXHA RS, R A FEAN AR R AR S de N, HBUA WS
FAR R X AME Dy (nl A R A DR oK), PRI R AR fie /N A

x 100% = 0.065%

AU, = (40.66 kJ —3.057 kJ)/1 mol = 37.60 kJ - mol™



V2

W =-1| pdV

¥

Ry
a
ANV, -b) =RT
(P4 5] V= 8)
Rk
- RT _a
L
)
By RT V. - b 11
W= - dV = - RTI PN [C I 3
LXLL—b V) LT a(n n)
-3 3 -1
— {5314 ] + B » mal % 500 K) x lp AL =0 U8 R IP 2 mol”
(30 -0.084) x 10~° + mol
5.563 x 10° x 10 m’ + Pa » mol ? x ( ne e - ;)
10 x 107 m” « mol 30 x 107" m” - mol
=—-(=-2754 +37.09) J + mol ™'
= 2717 ] - mol ™
TR, BRI RO R
AUy _ p(dp) _ a
(av)r (aT)V F=
B 1
dU = Zdv
VIH
1§
. 11
] = 1V = D
Al J'L.( V a( 7 Vl)
. 1 1

= 5.563 x10° x10° m’ - Pa - mol ? x ( — = el —l)
30 x 107" m™ + mol 10 x 10" m” - mol

=-37.09 ] - mol™
Q=AU -W = (-37.09 -2717) ] + mol™’
=-2754 ] - mol™
11, £ 273 K BPRE 0. 01 kg 4 4 1E J3 M 100 kPa F+ZE 1 x 10° kPa, T /017 A

BRI 8930 ki m*, WRIEGAHB = - 4 (2] =009
,

B V=V (p, T), MFEARAEHEARR, RESMOR, 50N, 4
_ (Y oV
dv = (ap) dp +(0T) dT = (ap) dp
25 R4 R EUCA, 15

dv = (3;/) dp = -y



V2 P2
W=- ldeV=—J' —pBVdp—BVX*(p» pi)

R 1 AR A B e AR RV FRAR /DS, aT R %8, KA SCEAHEIRA B, A
W= BV x (5} - )
B . 0.01 kg I romrda v fons ok
= 0.079 Pa x8930 ke 7 X 2[(10 Pa) (10° Pa)” |
=4.42 x10° )

12. 761 x10° Pa (RN T, ¥— NPk A% 3] 268 K (1 0. 1 kg /Kh, {#id#
AT — LS vk, R RIEEE I T3] 273 K, Fad Bt AR, A K, nlt
HA e that B O KRl bR 333.5 kJ - kg ', 273 K % 268 K Z[A| K A H
4.314 kJ - K" - kg™, SRk AT KA B AL

i BT KA R x kg, W

AH=0
l().l ke H,O(1). 268 K. p° |——| x kg H,0(s) + (0.1- x) kg H,O(1), 273 K. p°

AH, ﬁ{:

0.1 kg H,O(). 273 K. p°

AR AT, 2GSRBS . AMMEERRD Hg R, Hik, AH=0Q, =0, RHRER
LYEER ﬁAH:AHl +AH, =0,

Ty
AH = [ €dT = C(T, - T))
T,

=4.314 k] - K"+ kg™ x0.1 kg x (273 K - 268 K)
= 2.157 kJ
AH, = (-333.5k] - kg™') - x kg
AH, + AH, = AH =0
_ 2.157 k]
333.5 kJ - kg™
=6.47 ¢
13. 1 mol HIAHSUAR C, ., 0 3.5R, 1HZAH 100 kPa, 41.57 dm’, % pT=c (¢ I
8O gyl #2145 #) 200 kPa,
(1) RATIRE;
(2) Rizxd#BEM W, Q, AU Fl AH,
(1) WEEEEKRERE, HRARRGESEER

piVi _ 100 x 10° x 41.57 x 10° x 10"°
nR 1 x8.314

AT, py =T, py, PTLAAARIRIE R

PT _ 100 x 500
2 200

= 6.47 x 10~ kg

I = K =500 K

T, = = 250 K



(2) XFFHEAE, F
AU = n(C,, —R)(T, - T,) = [1x(3.5-1) x8314 x (250 —=500)] J = - 5196 ]
AH =nC, (T, -T,) = [1x3.5%x8.314 x (250 =500) ] ] =-7275 ]

p.m

ot pT =c, LA

nRT _ nRT“ pdV = panTdT — 2nRAT
p ¢
v,

2 T
W=-| pdV =-| 2nRdT
a T

V=

=-2nR(T, -T,) =[-2x1x8.314 x (250 -500) | J
= 4157 ]
Q=AU-W = (-5196 —4157) ] =-9353 ]
WAEMRE TN (p+a)V =nRT (a RHH) . T FE S RIZ AN
AU | AH [3RR50,
B AR N L IR T e
nRT — aV nRT
# = V V= p+a
S5l Ry, 145
(i’]i) _ R (ﬂ) _ _nRk_
T/, oT’, p+a
¥ UMHEEp, THHRE, BMU=U(p, T), H=H (p, T), W

dU = ((3[]{),‘ dT + (%)”d[}

dH = (M) dT + (—) dp

o7/, op '+
it
AU = c AT + ju[r(%)v - pldv = :CldT
AH = T‘Icl,dTJrf“[V r(é )I]dp - C(1T+fpl(l/—l)n1:Ta)dp
= :c,,dm :?(V—V)(]p = :c,,dT

15. UEMI R A5
(25 =7(2).
@ (5), == ¢, (%),
(3) (‘;Z:) = cl:(%;‘/*),
ER (1) M G5 X €y = (f#) m&ﬁ(%%)r =7(35) -p

- 10 -



L W) e o Pt K € 9 85 Vs

(25 =[5 (29) ] = [5EY] = {572 -}
- (Z) +7(2B) -(2) -r(2B)

(@) wgtEseA () () (5) =-1mmses () = [(2)] .

ox
R .
(5VX-_-(Q§) ToC, C, (aT)
o7, T
() USSR (2) (2) (2) =-1mmmxs (2) =[(2)] o
-
(gk“@% - ‘q(ﬁL
a1/, T
6. EWT: A TFALRIE, Yt C, - ¢, [(gﬁ) +0)(L5) -

P

WERR MRS R | SRR IE XL, 1
cp=(iﬁ) cl=(ﬁy),H::U+pv

T/’ aT
¢ = (37 - (55), = [2522 - (%),
() (29 - ()
AR 2 R A (o PR T
A = (aU)dT' (aU)dV
r), av!,

PR N EaAP st TRy, 14

G- = (), +(24), () +0(2) -(29),
- [(24), +#1(29),
17. WEB R
D (%) =6 (2) -
@6, -6 == (%) [(2) -],

ERR (1) HEKEAE S, A7 U=H-pV, SFIRRPGAN VR, 5

s 1 s



(57) = (50) —» = (55) (39) -
-G, (2) -
(2) MESEME . FEPEMRIE L, A
€ ~C :(ﬁ) _(M) :(if) _[M]
ro v Nar), \arl, T \ar/, ar 1,
= (57) - (52), +v(35),
WHEEXTT, pWRB H=H (T, p), AEiIrRAX

dH = (GT) dT + (81)) dp

P

(50), = () + (5,), (35,

H ERACA RS AR C - ¢, (ﬁ) _(M) +V(2) 1

aT’, ol/, atT/,
o (1) (31 (3 310 (3)

) oH
=- (55 [(5,) -]

18. HAEFA N, (g) Ml Ar(g) IR A AUA, R 298 K, 1k 404 kPa, 224
o] K F] 273 K, 303 kPa, i IR A SRMAUN ., TR TSR T L BEAT
SRIREY. Ny (g) €, =2.5R, Ar(g) C,, =1.5R, FaRIYALE ] 20 AT,

iR SRR N (o) BEERECH v, T Ar(g) BBE/RZPECN 1 —x, —&H S
(R n, T

dU

W = - pdV
—CdT = nal o2
dl/ = GdT = n,x( 5 R)dT +n(l r)( 5 R)(IT
il 1S/
= CodT = nxl 2 TS = — 5dV
dU = C,dT = nx( ) R)dT +a(l x)( ; R)dT = - pdV

AR B AR TR, A

V= nRT
=
dV = ﬁdT - nRpo
P p
HERER, 1
n,x(%R)dT +a(l - x)(%R)dT = nﬁT — nRdT
L
5.3 3 T _d
(2x+2 —2x+l)T =

« 1% +



