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extensive property
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Intensive property
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thermodynamical equilibrium state

1 (thermal equilibrium)
2 (mechanical equilibrium)
3 (phase equilibrium)

4 (chemical equilibrium)
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AU
AU=Q+W
dU =6Q + oW






AT =

AU




U=f(T,V)

ouU ouU
) Sie=), 0l ~{=].0
(G AT +5),

dT=0, du=0, dV# O,
ouU
(a_V)T:O
ou, _

U=f(T,p) (a_p)T_O

U=f(T)



T p
H=f T,p

oH oH
dH =(—),dT +(—);d
(G (ap)T p

H=U+pV=U+nRT=f(T)

oH oH
——). =0 ——). =0
o Gt
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du =0Q,

o,
oT "V

m
n=Cy/ln

1mol



1 r 7 .,1 - [ "l-E--

s T
AH =AU+p(V,-V,)
W: -p (V2'V1) - - p(VZ-Vl)

AH =Q_ dH =38Q,

dT

Qp _C 1mol



U=f(T, V)
_ Y WYy v =Y 47 =
dU = (25, AT +(50),dV =(-0), dT =C,dT

T2
AU:JHanﬂT

H=1(T, p)
oH oH oH
H =(—).dT +(—), dp =(—).dT =C.dT
dH =(—2),d -+(ap)po (57),dT =C,d

A = ne, 6l

Lt









Cp-Cv=0
2
Cp'CV:nR
1
2

Cp,m = CV,m — R

Cy = 15R
Cy . = 25R



1-3-1 273.2K 1000kPa

10dm? 1
373.2K 2
373.2K

Q W AU AH
Cy, ,=12.471 J-K-1:mol-



1
n= FF’;XO = 4.403mol
i nRT,
po= 1000 kPa . |Pi=7y F1366kPa
V,=10dm3
T,=273.2K V1= Vo= 10dm?
T,=373.2K
_ e Vo
=0 W = Ivl p v

Q =AU, =| TT nC, . dT =nC, (T, -T,) =[4.403 x12.471 x(373.2 273.2)]3 =5.491 20°J

T
AH, = J.Tl NCpmdT =nCp (T, =Ty) =n(Cy , + R)(T, —Ty)

=[4.403% (12.471+ 8.314) x (373.2 - 273.2)]J=9.152x10°J



n = 4.403mol
n= A = 4.403mol p, = p, = 1000 kPa
RT, g nRT.
P, = 1000 kPa V,=—2 =14 dm3
V,=10 dm3 P2
T,=273.2K T,=373.2K

T2
Qp =AH, :J.Tl nCp,de :nCp,m(TZ -T,) =n(C, ,, +R)(T, -T))
=[4.403x%(12.471+8.314) x(373.2 -273.2)]J =9.152 x10°J
AU, = [ *nC, ndT =nCy (T, ~T,) =AU, =5.491x10%]

5.491x 10° —9.152x 10° J=-3.661x 10°J

W,=A U, - Q, =
W= p V,V, =-3.661x 103






guasistatic process






p£ dp

T2 dT p

2



adiabatic process
adiabatic system

> Q=0 AU =W



dU =8W=-p dV = -pdV

C,dT =—pdV =-nRT (i/—v

Cp-CV:nR y=C,IC,
y heat capacity
ration

adiabatic coefficient

C,dT =~(C, -G )T,
gl Socudy

0 CRBAY
dT dv
= g n= 0
T g )V

.;-\.:' '_r--..
.._'\: ! = e i -

In(Tv'™?) = BV Y
pv”’ = plvly = pzvzy
o WE B
p V
T
equation of
adiabatic and
reversible

process






p T V
T, T,
PYE=IIC(E)
AU AH W
W = j - pdV = —dV
AU = "ng, dT =nC, (T, -T.)
o _ K11,
AH :TT e diE=nc (@ k) yo1Vm W

W =AU =nC, (T, -T,)

plvly = p2V2y =K

1
0 We ﬁ(pz 2 plvl)



1—4—1 273.2K 1000kPa

100kPa

1
2
3 100kPa
4 100kPa

Q W AU AH
Cy m = 12.4713-K-1-mol-.



1
n=P,V/RT,=4.403 mol n = 4.403 mol
Po = 1000 kPa p, = 100 kPa
V,=10dm? . V,=nRT,/p, =100 dm?
T,=273.2K T,=T,=273.2K

AU,=0 AH,=0

W = -nRT Ini = —-23.03x10°J

0

Q, =AU, -W =-W =23.03 x10°J



2
n = P,V/RT, = 4.403 mol n = 4.403 mol
P, = 1000 kPa p, = 100 kPa
V,= 10 dm3 R V,=nRT,/P, = 39.8 dm?
T,=273.2K T,= =108.7K

C

y=lom Cym*R_12471+8314 ) oo
Cvm Cvm 8.314
1-y 1x 106 151667

T, T( 2) Y —[2732( )1667]K =108.7K

2

0 A Us nC,.(Tr T.F [4408 1247% (108.7 273.2)]J=- 9.0% 10°J
AH, =nC, . (T, -T,) =[4.403x20.875 x(108.7 -273.2)]J =-15.12 %0°J

Q,=0 W, =AU, =-9.03x10°J



AUS:O AH 320
n=P,V/RT, = 4.403 mol n = 4.403 mol
P, = 1000 kPa p; = 100 kPa
V0= 10 dm3 V,=nRT,/P, = 100 dm3
T,=273.2K > T,=273.2K

W, =-p, (V, -V,) =-9.00 x10°J

Q, =AU - W, =- W, =9.00x 103]



n=P\V/RT,=4.403 mol
P, = 1000 kPa

V,=10dm3
T,=273.2K

Q,=0 AU,=W,

v

n = 4.403 mol

p, = 100 kPa
V,=nRT,/P,=64.0dm?3
T,= =1749K

T,=174.9K

AU,=nC, . (T,—T,)= -5.40x 10°
AH,=nC, . (T,~T,)=-9.00x 10%
W, = AU, = -5.40x 103]
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5Q. /T
entropy
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AS=0 dS=0

principle of entropy
Increasing



N

dS

AS = 0

>0

AS + AS

AS




AS =S, - Sy
Sz Si1

1

1-6-1 1mol 273K
100.0kPa
10kPa
10kPa



-W




2

1-6-2 3mol 400K 100kPa
300K
Com 29.1J-K*mol
AS = “'2@ J‘ZdH J'TZ%T
AS:nCpmlnT—2
miN
AS=(3%29.1x]| n?)JEKl —25.1J[K ™
3Q, dH dH

5Q,=dH=5Q,



3

1-6-3 2mol 200K 10dms3
300K
Cym 24.3J-Ktmolt

AS:J.ZQr = Zd_U:J-ng(nCV'm oll
1 T 1 T iy
AS:nC\,,mln:_—2

1

AS = (2% 24.3x lng—gg)JEK"l =19.7JK™*

5Q, dU dU
5Q,=dU=3Q,



A4

1-6-4 1mol 273K 100kPa
10kPa
10kPa

Q=0 W=0
T1=T>

AS=nRIn-PL = (1x8.314 In%)J[K'l =19.130K

P,



v

PV T)




o
R
B

Ng, mol O, T
p ny, Mol N, T p
AmixS
O49) | NA9)
No2 Nn2 N= Ny + Ny
Tpvoz TpVNz - TpV:V02+VN2
0,(9)
\%
AS, =n RlIn—
N,(9) S Sl
AS, =n Rln%
2 N2
V, Vy
A S=AS, +AS, =1, Rin V2 —ny, RIN VZ =R(ng, InX,, Ny InXy )
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1-7-1 2mol, 127
100kPa 27

AS

Cpm =29.13-K*tmol*

AS = nCp’mInT—2 =(2x29.1x1In 300.2

=K T =-16.7JK
T, 400.2

AS =Q /T =-Q /T =-nC,,(T,-T)/T
=[-2x 29.1x (300.2 — 400.2) / 300.2] (K * =19.4] K *

=AS+AS = -16.7+194 JK1=27JK1

0



T dS=dJ-N

—dJ+T d5=>-I\

T,=T,=T

r"r;,;j dU-T9 <\

T dS=TdS=d(TS)

U-TS






d (U -TS) < oW {

W=W,_+W
oW, =-p dV

dU -TS) < —p, dV +W'
P,=P,=P = p dV=d(pV)
d(U +pV -TS) <W' {

G=U+pV-TS=H-TS
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4 AA AG

G=H -TS
dG = dH -TdS -SdT =dU +Vdp +pdV -TdS -SdT

du =0Q - p.,dV =TdS - pdV

dG=vdp ~ AG=]"Vdp

AG:I \Vdp —Ipzﬂdp nRTInP2 =nRT In A

P \Z



AG = AH - TAS

A=U-TS

AA = AU - TAS

AU -T,S,-T,S,

A, —A=U,-T,5, - U -TS =

AA

T,S,-T,S,

=AH -

- H1 - T181

G,-G,= H,-T,S,

AG =




8§ 1—8

SW,
H=U+pV

A=U-TS
G=H-TS

-pdV  0Q, =TdS

dU =TdS - pdV
dH =TdS+Vdp
dA=-XT — pdV
dG = -XdT +Vdp



U =f(SV)
U U

dU = (22), dS+(=2).dV
(aS)v (av)s

dU =TdS - pdV

U =
T_(ﬁ)v P (GV)S

H=1(S, p)
oH oH
dH =(—) . dS+(—).d
(aS)p (ap)s p
dH =TdS+Vdp

oH oH
T =(— V =(—
(55)r (ap)s

A=1(T,V)
0A 0A
dA=(—), dT +(—),- dV
(aT)v (aV)T
dA=-XdT - pdV

A _ _(9A
G=f1(T,p)
0G 0G
dG =(—) . dT +(—),d
(aT)p (ap)T p
dG = -<T +Vdp

oG oG
S-—(2) N=(=
(aT)p (ap)T



Zz=2(X,V)
dz:(%)ydx+(%)xdy: Mdx + Ndy
0X oy

oM, _ 0N
(a_y)x _(ax)y

Ny o, Ry oY

(5y7s = (5ol (ap)s (550
0S, _,dp, 0S _ Vv
577 =Gy (a_p)T_ (G

Maxwell






1
u=u T,V

oU oU
dU = (—), dT + (=) dV
Syt =

DU
(a—T)v_C\/
dU = TdS - pdV

ou, __,0S, _ ou, __.dp, _

(—GV )T _T(G—V)T P (—GV )T _T(_OT)V P
B opies

du =C, dT +[(6_T)V pldv

i v, . 0p -
AU = [ *CydT + [ “[(2)y - plaV



T,p

oH H
dH = (20 dT +(20), d
(6T)ID (ap)T p

(z—ﬁ)p =c,
dH=TdS+Vdp

oH S oH oV
) =T +V (), =V -T(—
(ap )T (ap)T (ap )T &

T)p
dH =C,dT +[V —T(g—\T/) »1dp

Ty P2 oV
AH :jTl € dii +jpl V =T, ldp



3

S=S T,p dS:(g—_?)pdT+(Z—§)po
S=S T,V ds=(£2),dT +(E)rav
dH =TdS +Vdp (2—':)p: = (—)( ) %
dU =TdS - pdV <g—$)v C, T(—>V (—>v &
dS—%dT (—) dp AS = —pd —jpz(—\T/)pdp

ds_%dn( ) AV Asj gy j (ap)vdv
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