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Abstract

The heat capacities Cp of polybutene-1, polypentene-1, poly-4-methylpentene-1 and 4-me-
thylpentene-1 were studied calorimetrically from 6 to (500-700) K. Temperatures, enthalpies of
melting of various crystalline forms and the parameters of the glass transition were determined.
The thermodynamic functions H°(T)-H°(0), $°(T) and G*(T)-H"(0) were calculated between 0 K
and (500--700) K. From the calorimetric values obtained and literature data, the thermodynamic
characteristics of the following processes were estimated for the corresponding alkenes-1, and
cis- and trans-alkenes-2: the polymerization of alkenes-1, the monomer-isomerization polymer-
ization of cis- and trans-alkenes-2 to polyalkenes-1 and the isomerization of cis- and Irans-alke~
nes-2 to alkenes-1 in the same temperature interval at standard pressure.
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Introduction

From precise calorimetric measurements, the thermodynamic parameters of
the reactions leading to the formation of polybutene-1 (scheme A), polypen-
tene-1 (scheme B) and poly-4-methylpentene-1 (scheme C) were obtained.
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For all the processes illustrated in schemes A, B and C, the thermodynamic pa-
rameters were determined in the temperature range between 0 K and 500-
700 K. They are given in Table 1 for T = 298.15 K and standard pressure.

3

Experimental

The enthalpies of reactions (AH®) were calculated from the enthalpies of for-
mation of the reagents AH?. For the monomer compounds, they were taken from
[1]; for the polymers, the enthalpies were estimated from the enthalpies of com-
bustion AHZoms, Which in turn were determined from the energies of combustion
AU.omy measured in an isothermal bomb calorimeter. The energetic equivalent
of the calorimeter was obtained from the AU.oms data on standard benzoic acid.
The operational reliability of the calorimeter was checked by the measurement
of AUcomb for standard succinic acid. The difference between our values of
AU.oms from the certificated ones was not more than 0.017%. All measurements
and calculations of AH® were made at 7 = 298.15 K and p = 101.325 kPa. At
other temperatures, the enthalpies for the processes were calculated via Kirch-
hoff’s equation; for this purpose, the temperature dependences of heat capacity,
temperatures and enthalpies of physical transitions of reagents were used.

The entropies of reactions (AS°) were estimated from absolute values of re-
agent entropies, which were obtained from the data on the temperature depen-
dence of heat capacity, temperatures and enthalpies of physical transitions for
the substances participating in the reactions. The heat capacity from 5 to 330 K
was measured in a vacuum adiabatic calorimeter, and between 220 and 670 K
in a differential scanning calorimeter operating on the principle of a triple ther-
mal bridge. The measurement error of heat capacities in the vacuum adiabatic
calorimeter was about 10.2%, and in the dynamic one from 0.5 to 2%. The
Gibbs functions for the processes (AG®) were calculated from the enthalpies and
entropies of the reagents for the processes.

Results and discussion

All polymerization processes studied have ceiling temperatures Teey since
their AH ° and AS ° values are negative. The T data were found from the inter-

J. Thermal Anal., 41, 1994



LEBEDEYV et al.: CALORIMETRIC STUDY 1373

section points of the plots AH° = T) and TAS° = 7). For processes A-1, A-2
and A-3, T2y was 520, 500 and 490 K; for B-1, B-2 and B-3, 590, 560
and 550 K; and for C-1, C-2 and C-3, 590, 540 and 530 K, respectively.

The isomerization processes A-5, A-6, B-4, B-5, C-5 and C-6 have no ceil-
ing and lower limiting temperatures, which is characteristic of processes for
which AH°>0 and AS°>0. Accordingly, such processes have AG°>0. For the
above processes, AG® has small positive values: AG°<10 J-K".mol™". This
means that, in an equilibrium reaction mixture of isomers, the isomers with a
C=C bond in position 1 are present only in small quantity. It follows that, for
the transformations of cis- and trans-isomers-2 to polybutene-1, polypentene-1
and poly-4-methylpentene-1 through isomerization to the corresponding iso-
mers with a C=C bond in position 1, it is necessary to remove butene-1, pen-
tene-1 and 4-methylpentene-1 effectively from the reaction mixture, e.g. by
their rapid polymerization.
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Fig. 1 Heat capacities of isotactic polybutene-1: ABK is for crystalline polymer, DE ~ high-
elastic [2], EF ~ liquid, AA'B — partially crystalline (crystals of form I, a = 77%,
amorphous fraction of the polymer in glassy state), CMNP — partially crystalline with
amorphous portion in high-elastic state, NN'N”’E’ is apparent heat capacity in the
melting region

By taking the value AG® for the polymerization, it is easy to calculate the

thermodynamic equilibrium monomer concentration [M]. in the reaction mix-
ture from the equation:

[M]: = exp(AG"/RT)
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All the polymers are isotactic, their degree of isotacticity being about 95%,
and the crystallinity degree is 65, 60 and 35—40% for polybutene-1, polypen-

tene-1 and poly-4-methylpentene-1, respectively.

As a typical temperature dependence of the heat capacity for the studied
polymers, Fig. 1 shows the relation Gy = f{7) for polybutene-1. Tables 2 and 3
give the thermodynamic parameters of the physical transitions of the sub-

stances.

Table 3 Thermodynamic parameters of melting of the compounds*, p =101.325 kPa

Compound Ta/ AHp / ASq/ AC(Tw) /
K KkJ-mol™ Jmol K™ J-mol K™
Polybutene-1, form III 374 10.68 26.8 -
Polybutene-1, form I1 393 3.68 9.36 -
Polybutene-1, form I 406.8 7.11 17.5 -
Polypentene-1 388 5.58 14.4 16.1
Poly-4-methylpentene-1 508 9.93 19.5 11.5
4-Methylpentene-1 118.9040.05 4.9310.17 41.5%1.4 45.610.5

* T, AHp, ASm ~ temperature, enthalpy and entropy of melting, respectively;
AGY(Tp)) - a jump of heat capacity at Ta, e.g. KE in Fig. 1.
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Fig. 2 Entropy diagram of polybutene-1: DF is entropy of crystal, AB — of glass, BC - of

high-elastic state, CG — of liquid

From the experimental data, the thermodynamic functions H °(7)-H °(0),
S °(T) and G°(T)-H °(0) were calculated from 0 K to (500-670) K. Entropy dia-
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grams were constructed for the polymers and 4-methylpentene-1. The entropy
diagram for polybutene-1 (Fig. 2) is given as an example.
The details of the experiments and calculations were reported earlier [3].
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Zusammenfassung — Kalorimetrisch wurden im Temperaturintervall von 6 bis (500-700) K die
Wirmekapazititen C; von Polybuten-1, Polypenten-1, Poly-4-methylpenten-1 und 4-Methyl-
penten-1 untersucht. Dabei wurde die Schmelztemperatur, die Schmelzenthalpie verschiedener
kristalliner Formen und die Parameter fiir die Glasumwandlung bestimmt. Fiir diec Temperatur
von 0 bis (500-700) K wurden die thermodynamischen Funktionen H°(T)-H’(0), $°(7) und
G°(T)-H°(0) errechnet. Anhand der erhaltenen kalorimetrischen Werte und der Literaturangaben
wurden die thermodynamischen Charakteristika der nachstehenden Prozesse fiir die ent-
sprechenden Alken-1 sowie cis- und frans-Alken-2 Verbindungen geschitzt: Polymerisierung
von Alken-1, Monomerisomerisations-Polymerisierung von cis- und trans-Alken-2 zu Polyal-
ken-1 und die Isomerisation von cis- und trans-Alken-2 zu Alken-1 im selben Temperatur-
intervall unter Standarddruck.
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