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Fundamental Function

Variables to Relate

Maxwell’'s Relation

U(S,V,N)
au =TdS—-pdV+udN

S,V
SN

V.N

(8T/8V)sn = —(0p/3S)y N
(0T/0N)sy = (0u/0S)y N
—(0p/dN)sy = (Bu/0V)sn

F(T,V,N)
dF = -SdT-pdV+pdN

%
T,N
V,N

(0S/3V)rn = (0p/0T)y N
—(0S/0N)ry = (Ou/0T)y N
—~(0p/ON) 1y = (0u/0V)r N

H(S,p,N)
dH =TdS+Vdp+udN

S,p
S,N
p,N

(aT/Bp)S'N = (av/as)p,N
(0T/0N)s,p = (Ou/0S)p N
(OV/ON)sp = (5u/6p)s,N

S,v,u)
TdS-pdV-Ndu

S,V
S,u
V,u

(BT /3V)5, = —(3p/2S)y
(08T /ou)gy = —(ON/0S)y 4
(3p/ou)sy = (N/3V)s,,

G(T,p,N)
dG = -SdT+Vdp+udN

T,p
T,N
p,N

~(2S/0p)r N = (ay/aT)p,N
~(8S/0N)rp = (Bu/3T)p
(0V/dN)1p = (0u/0p) 1N

(T,V,u)
~SdT-pdV=Ndu

T.V
T, u
V,u

(aS/aV)T,u = (ap/aT)V,u
(aS/aIJ)T'v = (aN/aT)V,u
(Op/ou)ry = (ON/OV)Ty

S, p, 1)
TdS+Vdp-Ndu

S,p
S.u
p.u

(3T/3;7)5'u = (EV/aS)p,p
(8T/au)g',, = “(aN/aS)p,p
(dV/oms,, = —(ON/9p)s,

(T,p, )
~-SdT+Vdp-Ndu

S,p
T,u

p.u

- (as.’/ap)”, = (0V/0T)pu
(BS/au)T‘,, = (aN/aT)p,u
(@v/iopr g =~(0N/3p)t,

Source: HB Callen, Thermodynamics and an Introduction to Thermostatistics, 2nd edition. Wiley,

New York, 1985.
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Figure 9.2 The specific volume v (volume per unit
mass) of polyethylene versus temperature T. According
to Equation (9.13), the thermal expansion coefficient oris
proportional to the slope dv/dT. At low temperature,
polyethylene is a hard crystalline plastic material. On

! melting at around 130°C, the specific volume v increases
sharply and « is large. Source: JE Mark, A Eisenberg,

WW Graessley, L Mandelkern, and JL Koenig, Physical
Properties of Polymers, 2nd edition, American Chemical
Society, Washington, DC, 1993. Data are from FA Quinn jr
and L Mandelkern, j Am Chem Soc 83, 2857 (1961).

50

o (K- H

1.6 x 1073 _ o=~

0.8 x 1073

L vmamme

-
.-
.-
-
-

50 100
T (°0)

k (Pa™t)

|
150

Figure 9.3 Thermal expansion
coefficients o« measured at atmospheric
pressure for water (——), benzene
(=-=--), n-pentane (------- ), and diethyl
ether (- - ~). Source: A Hvidt, Acta
Chemica Scand A 32, 675-680 (1978).
Data for water are from GS Kell, J Chem
Eng Data 20, 97 (1975). Data for
benzene, n-pentane, and diethyl ether
are from Landoit-Bérnstein,
Physikalisch-Chemisch Tabellen il, 5.
Auflage, 1232 (1923).

Figure 9.5 Compressibilities K measured

2.4 x 1079

14 x10°9F

at atmospheric pressure for water (——),
benzene (-----), n-pentane (-------), and
diethyl ether (- - -). Source: A Hvidt, Acta
Chemica Scand A 32, 675-680 (1978).

- Data for water are from GS Kell, J Chem

R Eng Data 20, 97 (1975). Data for benzene

are from CRC Handbook of Chemistry and
Physics, 55th edition, CRC Press, Boca

04 x10°9F——————o— | Raton, FL, 1974-1975, F-16. Data for

pentane and diethyl ether are from
100 Landolt-Bérnstein, Physikalisch-Chemisch

T¢C) Tabellen |, 5. Auflage, 97-100 (1923).



