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Changes with Temperature at Constant Volume

@ The infinitesimal changes under constant volume is
0s
— | dT
<5T>v

ou oh
du = <8T>UdT dh = <8T> dT ds

df = (g;) T du= <§:’;> dT

@ The rates of change may have different name,
AN
or),
@ _ (Tds+wvdp _7 ds Yo dp
or), dT ., \dT), dT

_ 9p
cv+v<3T) NIE
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Changes with Temperature at Constant Volume
e Also,
Os) _c  (OF) _
or), T or),~ °

87/1 [ —sdT + vdp ~ ey dp
ar), ar )~ "7 "\ar),

where ¢, is the molar constant volume heat capacity.

ou ds
= <aT>v —T(dTX

e We have J
(@v _ @)y o
ar /., (?TZ)T Ar
where
1/ 0v 3 1/0v
o= — —_— = —— —_—
v\ 0T » r v\9dp/ NIE
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Changes with Temperature at Constant Volume

@ Therefore,
Quy _ O _opve (O &
or),~ @ \ar),” " s or ), Br
OF\ __y  (or\ __, v
or), arj), Br
@ The finite change is

ou T
Au = u(T,vg) — u(Tp,vo) = / <8T> dT = / cpdT

To

T (on
Ah = h(T, U()) — h(To,Uo) = / <> dT’
To v

oT
T
v
= Cy + — |dT
/To < 5T>

Thermodynamics
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Changes with Temperature at Constant Volume

@ The finite change is

T T

As = s(T,vg) — s(Tp,vo) = /T (g;) dT = /T %dT
T af T

Af = F(T.w0) = [(To0) = | <3T> ar =~ [ sar

Bp = T )~ T, wo) = | T(
(o)
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Changes with Temperature at Constant Volume

@ Proceed to

T

s(T,vg) = s(To,vo) + As = s(Tp, vo) +/ Soar
7 T
@ Therefore,
T T c
Af:—/ s(To,vo)+/ 24T |dT
TO TQ T
T T,
AM:/ - S(To,vo)+/ Sar| + 2% Lar
To To /BT
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Changes with Temperature at Constant Volume

@ By integration by parts,

T T
Af = —s(Ty, vo)(T — Tp) + / codT — T/ “ar
To 7 T

T et Te,
Ap = —s(To,v0)(T — Tp) +/ (cv + )dT — T/ —dT
Ty Br T

@ The value with measurable properties,

T T o T
Au = / c,dT Ah = / <cv + ) dTl’ As = / —dT
TO TO BT To T

T T
Af = —s(To, v0)(T — Tp) + / codT — T/ “ar
To 7 T

T Vo e,
Ap = —s(Tp,v) (T — Tp) +/ (Cv+ >dT—T/ —dT
Ty /BT Ty T NE
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Changes with Temperature at Constant Volume

@ The change in the molar thermal energy Aut, molar mechanical
energy Aup, and molar chemical energy Auc at constant volume and
temperature from T to Tj is

T T T
AuT—/ d(Ts)—/ Tds+/ sdl' = =Af+Au=-Af+Q
To Ty Ty

where @ is the amount of heat absorbed from the surrounding during

the process.
T T 6p
Au :/ d(pv :v/ <> dT
M To ( ) ’ To or v

T o
:—Uo/ de:Af—Au
T, Br

Auc = Ap
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Changes with Temperature at Constant Volume

@ When ¢, Br and « are constant,

voa

Au = ¢, (T —Tp) Ah = ( Br

T
As=c,In (=
S C H(TO)

Af = [ev = s(To, v0)|(T = Tp) — ¢, T'n (71{3)

4 ) - )

A,u = [ ,37 — S(T(),Uo)

uqu—%Tm<£)
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Changes with Temperature at Constant Pressure

@ The infinitesimal changes under constant pressure are

ou oh Os
du = <8T>pdT dh = <8T> dT ds = <3T>pdT

df = <g§> AT dp = (g;ﬁ) AT

@ Then, we have

ou Tds — pdv v
(), (452 o), =0
ohY\ Is\ _ &
(or),7»  (#),-7
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Changes with Temperature at Constant Pressure

@ The infinitesimal changes under constant pressure are

ou oh Os
du = <8T>pdT dh = <8T> dT ds = <3T>pdT

df = <g§> AT dp = (g;ﬁ) AT

@ Then, we have

ou Tds — pdv v
(), (452 o), =0
ohY\ Is\ _ &
(or),7»  (#),-7
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Changes with Temperature at Constant Pressure
e Also,
(20) < (FHTopey ()
oT » dr » oT »

(),
T ),

where ¢, is the molar constant pressure heat capacity,
oh s
o= (o), ~*(o7)
or), or),
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Changes with Temperature at Constant Pressure

@ The finite change

T ou T
Au = u(T,po) — u(To, po) = / <8T> dT’ = / (¢p — pova)dT
To P TO
T oh T
Ah = MT,po) — h(To,po) = / (E)T) dT’ = / cpdT
TO p TO
T 7 9s Te
As = s(T,po) — s(Tv,po) = < ) dT’ = / dT
7 \T ), w T
of T
Af = <8T> aT = /TO (s + povar)dT

T
A,u,:/ (g;) dT——/T sdT
0
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Changes with Temperature at Constant Pressure

@ The entropy is
T

C
S(T, po) = 5(To, po) + / % g7
To T

T
Af = —/ (s + pova)dT
To

T
__/TO
T
A,u:—/
To

T

C
5(Th, po) + / %47 + pyva
To T

dr

T
dr

s(To, po) +/

Cp
—dT
To T
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Changes with Temperature at Constant Pressure

@ By integrating by parts,

T T

(cp — pova)dT —T/ %pdT

Af = —s(Ty,po)(T — Tp) +/ s

To

N~

Au As

T T
Ap = —s(To, po)(T — T) +/ cpdT —T/ P4t
T T T

Ah
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Changes with Temperature at Constant Pressure

@ The change of energy

T T T
Aut = / d(Ts) = / sdT +/ Tds = —Ap+ Ah=—-Ap+Q
Ty To Ty

T (pv) T/ v
AuM——/ d(pv ——po/ () dT
Ty T oT P

T
= —pg/ vadT = —po(v —vy) =W
To

Auc = Ap
@ The thermal expansion coefficient

1 dv(T,po)
= Inv(T = adT
! o(T.po) dT — dlnv(T,py) = ad
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Changes with Temperature at Constant Pressure

@ Integrating the equation

T T
/dlnv(T,pg):/ adT

To To

proceed to

v(T, po) — (T —
it =T
then

(T, po) = vo(To, po) exp [T — Tp)]

e With all parameters, such as ¢, a are constant, the finite change of
internal energy is

T

Au = (T — Tp) — poavy / exp (T — Tp)|dT

T
0 NE
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Changes with Temperature at Constant Pressure

e Also,

T
Af = [ep — s(To, po)| (T — Tp) — poavo/ exp [a(T — Tp)|dT

To
T
— CpT In <7_b>

e Carrying the integration,

Au = ¢,(T —Tp) — povo [exp [T — Tp)] — 1]
Af = [Cp - S(Tovpo)} (T — Tv) — povo [GXP [T — To)] — 1}

T
—cT'1In <To>
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Changes with Temperature at Constant Pressure

@ The finite difference of chemical potential,

Ap = [ep — s(To,po) (T = Tp) — ¢pIn (77;)

@ When « is small,
exp [a(T — Tp)] — 1 =~ (T — Tp)
then

Ay ~ [cp - povooz] (T —Tp)

Af =~ [ep = povoa — 5(To, po)|(T — Tp) — ¢, T'In (%)
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Changes with Temperature at Constant Pressure

o For ideal gases, ¢, is constant, « = 1/T', then

T
Au = ¢, (T — Tp) Ah = cp(T —Tp) As=cpln <T>
0

Af = [ey — s(To, po) (T — Tp) — T In (;;)

Ap = [ep = 5(To,po) (T = Ty) — T'In <71“;)
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Changes with Volume at Constant Temperature

@ Since
du = Tds — pdv
we have
Qu\ _pf0s) __Ta
ow)p T\, b= Br
e Also
) (2
v\dT/, r v\9p/
therefore,
<<98> _a
ov T BT
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Changes with Volume at Constant Temperature

@ Also since
dh =Tds + vdp
we have
ohY Js dp
(av)T - T(av>T *”(avﬁ
To 1 1
=———=—(Ta-1
Br  PBr /BT( )

@ For Helmholtz free energy,

ary
(),
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Changes with Volume at Constant Temperature

@ For chemical potential, we have

dyp = —sdT + vdp

w) = (o),
), (), 5

therefore,
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Changes with Volume at Constant Temperature

@ The finite changes are

v ou Y To
Bu = u(Th.0) ~ ulTo,w) = [ () w=[ (p)dv
" o vo 01} T ) /BT
Ah—/ (8}‘> dv—/ Ta-1,
% o) 5
As:/ <8S
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Changes with Volume at Constant Temperature

@ The finite changes of energies are

Aut = ThAs = Q

T v v
AuM:—/ [6(1)1})} dv:—/ pav+ [ 2w A
To av T Vo ) BT

Auc = Ap

where @ is the amount of heat absorbed from the surrounding during
the process.
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Changes with Volume at Constant Temperature

@ From the definition of isothermal compressibility
1/ 0v
Br = - <3;D>T
v(To, p) = v(To, po) exp [ — Br(p — po)]

_ _11n<v>
P =Dpo Br 0

integrating,

in other forms,
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Changes with Volume at Constant Temperature

@ With assumption that 81 and « are constant, integrating the equation,

/v:pdv:/vj [po—ﬁlTln <;)0>]dv

integrating by parts,

[ (homfio- (3]

@ Also the finite differences are

Ah:/ i(Toa—l)dv:(
vo

Y o o
A :/ = X
’ V0 /BT ! BT (v UO) NE
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Changes with Volume at Constant Temperature

o Additionally,

Af——/vpdv——<ﬂlT+po>(v—vo)+B1T

Ydv vg—v
A = — _— =
: ) BT 6T
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Changes with Volume at Constant Temperature

o For ideal gas,

1 1
a_f BT_E
we have

v/T "Ta—1
Au:/ <a—p>dv:0 Ah = « dv=20
Br Br

vo

As — pdv / Rdv _ Rln( )
Vo Vo
v v
Af:—/ pdv = —RTpln <>
vo Vo

Y dv v
= — — = —RTyln| —
AM Vg /BT 0 n<v0)
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