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Abstract . A semiempirical expression about isothermal bulk modulus, Br, for polymers is obtained
on the supposition that the effects of temperature and pressure on the occupied volume of a polymer
segment are negligible and the segment vibrates like a hard sphere in the free space which surrounds
it. The isothermal bulk modulus, Br=Be[1+B(T)P]J", is integrated to give an equation of state, which
is given by

VA# n[B(T, P)—1]
Vo (n—1)[2G:(0) +5/3]

In-

where By is bulk modulus at P=0, n is a constant(n=1), B(T)=[2G1(0) +5/3]/(n Bo), Gr(0) is
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isothermal Grineisen parameter at P=0 and B(T, P) = (Bo/B1)! . The parameters of the equation
of state are determined by fitting this equation to the reported data about specific volume for linear
polyethylene(LPE), polystyrene(PS), poly(orthomethylstyrene) (PoMS), poly(cyclohexyl methacry-
late) (PCHMA), poly(methyl methacrylate) (PMMA), hexamethyldisiloxane(HMDS) and poly(dime-
thylsiloxane) (PDMS) of various molecular weight. For the above polymers, the predicted values of

specific volume agree with the observed ones within the accuracy of measurements, and the results

calculated from the equation of state are compared with those calculated from empirical Tait equation

and semiempirical Hartmann-Haque equation. The effects of temperature and pressure on compressi-

blility, bulk modulus, and Gruneisen parameter are discussed on the basis of equation of state.
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Table 1. Characteristic Parameters of Eq.(27)(for solid polymers)

TE* Bmal G (O)h) R® n? 8 AVav_D
() (X10%) ’ (X10) (X10) (X104
pse 91.85 24878 3.6644 9.1047 9.7850 1.58
PoMS® 130.85 2.8146 5.7219 9.1997 9.7498 1.91 2
LPE® 129.85** 6.5759 74876 9.3889 9.7253 2.05 15
PMMA" 105 0.45736 5.6759 8.7485 8.5129 1.39
PCHMA"™ 107 1.0341 6.5444 8.9871 7.6332 2.57 7

* | Ty=Glass transition temperature at zero pressure.
* * . Melting temperature at zero pressure.
) © By =BoVeo2 @+ by G,(0) =Rac’s constant of Ref. (9).
o) : R=(o/ay)Vw'>. d) . n is constant of Eq. (20).
e) ! Standard deviation(root mean square deviation), calculated from Eq. (27), [ecm%/g].
f) : Ayerage difference(data from Ref. (18)), [cm®/g].
g) . Data about specific volume from Ref. (13).
h) : Data about specific volume from Ref. (14).

Table 2. Characteristic Parameters of Eq.(27) (for liquid polymers)*

By G,(0)¥ _Eci_ % & AV,”
(X10% (X10) (X10%)
PSY 15117 2.6384 9.1708 1.2828 3.29 5
PoMS® 1.7818 3.5979 9.3722 1.2865 2.13 5
LPEPM 3.2808 1.9878 9.9720 1.1047 3.19 5
PMMAP 0.75978 2.8918 8.8170 1.0157 0.468 2
PCHMA” 1.0380 3.3676 9.0370 1.1682 2.05 9

* . Polymers on this table have same T, as those on Table 1.

a) © Bor=BpVeo?P @1 b): G,(0) =Rao’s constant of Ref. (9).

¢) - R=(o/a00) Vo' d) : n is constant of Eq. (20).

e) . Standard deviation(root mean square deviation), calculated from Eq. (27), [cm¥/g].
f) : Average difference[data from Ref. (23)], [cm®/g].

¢) * Data about specific volume from Ref. (13).

h) : Data ahout specific volume from Ref. (14).
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Table 3. Characteristic Parameters of Eq.(27) (for liquid polymers, HMDS and PDMS)

a) e) il
M* (%’(F) G,(0)” RV n® 8 i Bran
HMDS? 16238 24517 2.3932 1.0030 11830 157 18
PDMS(1)? 594 11727 2.3244 0.9567 0.9812 8.63 94
PDMS(2)? 958 11686 2.3623 0.9498 10322 715 72
PDMS(3)? 1540 10576 2.3271 0.9440 10668 6.16 65
PDMS(4)® 4170 0.9949 2.1395 0.9356 10846 5.36 58
PDMS(5)® 6560 0.9983 2.3568 0.9350 11262 5.50 59
PDMS(6)? 7860 10001 2.2938 0.9298 11053 546 59
PDMS(RK)® - 1.0036 2.3590 0.9172 11118 2.09
PDMS(R)’ 47200 10475 2.3310 0.9155 11239 5.86 6.2

« . M is number average molecular weight.
a) : BOIIBOOVOOZGD(O)+1~

¢} : R=(ofag) Vo' d) : n is constant of Eq. (20).

b) 1 G,(0) =Rao’s constant of Ref. (9

¢) : Standard deviation(root mean square deviation), calculated in relative volume(V/Vy) from Eq. (27).
f) : Standard deviation colculated in relative volume(V/Vy) from modified Tait equation.!®

g) : Data about specific volume from Ref. (16).
h) : Data about specific volume from Ref. (17), M,=5.1X10%
i) : Data about specific volume from Ref. (15), M,,=166000.
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