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Abstract::-

Calculation of heat content and entropy have been done for polyethylene for different
chain length, are reviewed with support of data obtained from the thermo-chemical and
thermodynamic for monomer unit and polyethylene, by using equations expressing these
proportions at 25°C as a function of n, which is the number of ethylene units per polymer
molecule, for gaseous state of monomer unit of ethylene to a narrow chain of polyethylene . We
have reviewed for n the number monomer units per polymer molecule for n>2, n>4 and for
(mono-olefin) n>3, and at large numbers of n.

Introduction:

The value of heat content AH,, and entropy AS; are for 25°C when monomer is only
partially polymerized, depend on the contribution concentration of polymer is also be stipulated
since there will be small contribution which may vary with dilution AH" and AS*ll. From the
heat and entropy per mole of monomer polymerized under various conditions is specified.
Experimental methods for determining heats of polymerization are reviewed and the magnitude
of various phase change corrections discussed in relation to existing data on mono-olefint?.

Various empirical method of evaluating n&H;g, which is a hypothetical quantity from gaseous to

gaseous state of polyethylene are out lined and use made of Anderson, Beyer and Watson's
group method to calculate values of its quantity over range of temperature for ethylenel®!, un-
conjugated vinylidene compounds and styrene. The method for measuring entropies of
polymerization are described namely from equilibrium or “ceiling temperatures” and from
standard entropies of polymer and monomer!®l. Empirical and statistical methods are outlined
and phase change corrections and probable effects of monomer and polymer are described.

Finally, the magnitude of the ratio —— of high polymerization and its temperature variation, are

outlined®!. These equations will usually increase with chain length, n, to limiting values when, n,
is small. When n is large be used on prefix, e.g. n is large &H'ggand AS_, are hypothetical

quantities, AH® and AS°will also vary with temperature, but this effect is found to be slight and in

the same sense for both quantities and there for found to be slight and the ratio %to be slightly
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depend on temperature and hence the ceiling temperature may be put approximately equal to
this ratio at 25°C, the ceiling temperature obtained by %:Tjr 61 AH_, AS, are increment of
Loy

T, of the heat content and entropy per mole of monomer polymerized!’l. Polymerization is

ordinarily considered to be combination of monomer molecules to form larger molecules, each of
which contains an integral number of monomer units. It is doubtful, however, that the actual
reactions by which polymers are formed are simple as this. At high temperatures, at least, the
reaction of polymerization, as defined above, would be expected to be accompanied by
degradation reactions going at the same time. Such degradation would be expected to involve,
among other things, the breaking of polymer chains at a points far removed from the ends, where
there is no distinction between the carbon-carbon bonds of the chain which were originally
carbon-carbon bonds in monomer molecules and those which are bonds between adjacent
monomer units. Some of the resulting polymer molecules would then contain fragments of the
original monomer molecules as well as entire monomer units. In particular, it is to be expected
that some polyethylene molecules would contain odd numbers of carbon atoms, that is, half-odd
integral numbers of ethylene units. In accordance with these considerations, the term
“polymerization” is here used to mean the process by which ethylene molecules react to form
Iarger[n]ormal mono-olefin molecules, which may contain either even or odd numbers of carbon
atomst®l,

Method:

The method by which heats of polymerization can be determined can be found by
the methods: The main method is based on the relation:
s _ AHY
aS; ==
is only limited by the accuracy of calculation of heats of polymerization, the ceiling temperature
is determined by heat change and one equilibrium temperature, since AH is well found below
ceiling temperature. An actual temperature-heat content and reciprocal temperature —entropy
graphs are plotted. And the method in which M are calculated on range of temperatures
applying equation [4] in the theory. and K can be calculated applying equation of the form:

(Mp)AZ
(M)
since M, is constant[op.cit[4]], The method based on the determination of sublimation pressures
from the graph of AH of gaseous polyethylene with temperatures in the range (200-300)°C, AH

can
be calculated using equation of the form:

AH = AC, [, *dT
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AC, can be calculated applying equation [5] as will be applied for the above range of
temperatures.

THEORY:

The kinetic analysis of the region of ceiling temperature for a polymerization reaction in
which the property ion-step:

M : denotes monomers, Pr growing polymer of length r, the rate appreciable reversal of the
reaction is occurring will be given by the rate of reaction where appreciate.

By application of the isochors to the over- all equilibrium is evident that:

dla(M) _  AH,
T ~  RT [2]

Entropy is constant of the system. This later condition is satisfied when the polymer exists or pre
condensed. In order to obtain the value of S over range of temperature[op.cit [7]]:

T = e a9

(A5, +R*In( M, )0

AS here refer to 1 mole. Liter™.

AHjand AS;are substatically invariant and T is the ceiling temperature for the monomer
concentration[M, ]. In the special case when the polarize polymerizibility, depolymerized to
equilibrium may be approved from the polymer sidel.

Return to the hypothetical quantities, we have use equation of the form;
T T T,
AH =AH,e — [ Cp (R)AT + [ C, (P)AT + AH,,,, + [ *C, (P)AT -

In which R,P refers to reactants and products and p pressure [op.cit[3]]. And Ais the
electronegativity difference[op.cit(5]].

The heat capacity of gases of temperature such ast®ll;
C,=a+ b T+ (T,
a,band C are constant for particular material.

AC=da+ (A2) T + (AT - oo [5], Then we have use the empirical equation;
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T
258

_— T —_ # &2
[Tos d(AH) =[ _ A dT=[ _ (Aa+Ab'T+ACT)dT [5%]
AH = AH® + Aa*(T — 298) + a%" (T* —298%) + a% (T — 298%) =-eemmeemeee- [6]

For large values of n, we have the empirical equation:

o _ o - & [- 2 i [- 3 3
n&HEE(T} = nﬂ'HEE (25°C) + Aa® (T —298) + ﬁ.? (T° —298°) + ﬂ.? (T® —298%) _

[7]
The methods for evaluating nAS_.empirically are in principles the same as those for the
estimation of nAH__. The values of nAS;_ may then be obtained in the usual way, appropriate

ton —,
e d(as)=[ 2 arT=[ . ©=2204T, we can obtain
AS, = AS" + ﬂ.a*ln%-{—&h*[T—E?S}—l— 5[7-[Tﬁ2— 298 A 2) ----meememeeeeee [8]

For large values of n, we have the empirical equation:

T
258

nAS:_(T) = nASZ,(25°C) + A In—— + AB*(T —298) + AL (TAZ — 298 A 2)----- [9]

RESULTS AND DISCUSSION:

Starting from the equation of heat capacity, the molar heat capacity of selection gases
according to the equation[op.cit[B]]:

C,=a+bT+CTA2+d"TA3 [10]

C, varies in nonlinear fashion with temperature. The number of terms commonly used to

describe varies from two to four. High temperature reactions are becoming increasingly
important, and as a result wider variations in C, are encounter, so we shall use equation [10] for

the calculation of C, of ethylene in which a,b, Cand & are constants.

Table-1-Molar heat capacity of monomer ethylene according to equation [10]

compound a 105 10°C 10%d

CaoHa 0.9449 3.7392 -1.9949 4.2248
Units in cal.mol1.K1,

(,=10.42766 cal.mol*.K™,
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By applying the equation:

T d(aH) _
[T208 T AC, .

We have the values obtained as in table-2- from equation [5], [7] and [9]. Since we have,
AH,, = AH,, + AC, = AT,
therefore, AS,, = AS_, + constant”,

values indicated in table-2-. And the fact that,

T, = ii* when In[M] = o, so that [M] = 1mol.I". And applying the equation,

E

(M .‘1}"*';

= My

From which the calculated values of K as indicated in table-2-, in which n has all values within a
very wide range. The unit of [M,] was taken 1 mole.l’t. From the calculated values in table-2-,

the plotted graph between the temperature- heat content as in fig.(1), which is a straight line, and
shows that the heat content AH.,., increase as temperature increase, in agreement with the ceiling

temperature equation above. And the reciprocal temperature- entropy graph is plotted fig.(2)
which is exothermic curve from which heat is librated and may involve homogeneous initiation
(radical or cationic)Pl. The temperature- [M1] graph fig.(3) is approximately a straight line,
Which cut the temperature axis at point, which is equal to 302°C close to the range 200- 300
°C for systems in which the entropy of the polymer is constant [El. From table-3-, the graph as in
fig.(4), between temperature and heat content at sublimation, the slop is equal to 0 .003
Kcal.molt.K%, and by using Clausius-Claperon equation:

P, _ 4H
p, RI®

din

Whereupon the variables can readily be separated and the equation integrated as follows:

P AH
In==|"
P I T eTe

Finally, if we assume that AH is constant, we can perform the integration and get

Which is a statement relating to sublimation pressures to the corresponding temperatures. If the
integration carried out indefinitely, and the equation can be written in the following form:

45



AL-Qadisiya Journal For Science Vol .16No.3Year 2011

= _LH _
Inp= —T T constant [13]

In which can introduce further refinement naturally, by taking into account the dependence of
AH on temperature by eliminating through various devices some of the other approximation that
were made in the derivation(Fl,

The calculation of sublimation pressure (p) is equal to 0.324 atm., which is 32859.171 N/m?(°l,
This is to hypothetical gaseous polymer (TZ.) should lie in the range 200 — 300° C. Equation

[13] in agreement with vapor pressure of most substances. And is approximately valid for
evaporation and sublimationt™,

As a rotation about an atoms axis's (again whether the atoms is bound or free) its energy of
rotation is proportional to the moment of inertia for the atom, which is extremely small
compared to the moment of inertia of collection atoms. This is because almost all of the mass of
single atom is concentrated in its nucleus which has radius too small to give significant moment
of inertia. In contrast, the spacing of quantum energy levels for rotating objects is inversely
proportional to its moment of inertia, so this spacing becomes very large for objects with a very
small moment of inertia. For these reasons, the contribution rotation atom on their axis's is
essentially zero in monatomic gases, because the energy spacing of the associated quantum level
is too large for significant thermal energy to be stored in rotation of a systems such as small
moment of inertia in polyatomic molecules, other rotational modes may becomes active, due to
the much higher moment of inertia about a certain axis which do not coincide with linear axis of
a linear molecule. These modes take the place of some translational degree of freedom atoms,
since the atom are moving in 3-D space, as the molecules rotate. Furthermore internal vibration
degrees of freedom also may become active (these are also type of translation, as seen from the
view of each atom). Molecules are complex object with population of atoms that may move
about within the molecule in a number of different ways and each of these ways of moving is
capable of storing energy if the temperature is sufficient!.

Conclusions:

Chain- growth polymerization which initiated by reactive species, can be divided
into free-radical anionic and cationic polymerization. The reactive species adds to monomer to
form a new active center successively. This process is called propagation reaction. In general the
propagation reaction is represented by equation[1]. In chain- growth polymerization, only
molecules with active centers can propagate; so that polymer molecules once formed may be
considered dead polymer for linear chain-growth polymerization. Dead polymer molecules do
not take part as reactants thereafter. The active center is always on the chain and when linear
chains are being produced exclusivelyM. The heats and entropies of formation of gaseous
organic compounds in the standard state and coefficients in the specific heat-temperature
equation have been resolved into contributions attributable to atomic group. AC, is necessary in

order to obtain the values of AS over a range of temperatures. Since both AH_, AS, are a
functions of temperature as in eqn. [7] and [9] an increase of AH_ with temperature is always
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associated with an increase of AS,, ; these two effects are of such a magnitude that the ratio
of AH_/AS, at 25°C is very slightly different [ table -2-], columns [2] and [6], columns [5] and [9]
are an evidence which 1s equal to this ratio at 25°C. Polyethylene can serve as standard material
for the thermodynamic functions of a simple linear macromolecule®l. The empirical method for
computing ﬂH;E and &Ség at temperature [T_.] in the range 200-300°C, calculated sublimation
pressure [p] is 0.324 atm. Entropy comes from the second law of thermodynamics, which state
that all system Tend to reach state of equilibrium. The significant of entropy is that when
spontaneous Change occurs in a system, it will be found that if the total entropy for everything
involved is calculated, a positive value will be obtained. Simply, all spontaneous changes in an
isolated chemical system occur with an increase in entropy. Entropy like heat content is also

state property and is represented by the symbol “S” and can be calculate the change in entropy
(AS)H,

Table-2- The calculation of heat content and entropy according to equation
5%, 7,9 and egn. Under*

(AT..) | AH%Ke | AHOX | AH_, | AH, AS°xiKcal | AS°. AS_, AS.,

K |almol® o (T)keal. | (25°C)Kca | MOIK™ | Keal. | (T)Keal. | (25°C)Kca
Keal. | molt | I. mol? mMolk™ | molt Kk | Lmol LK
mol™*

298 3.1084 | === | -emee- 3.108 0.0104 0.0104

R — 1824 | 4933 |3109 | - 0.0166 | 0.0298 | 0.0210

483 | ------- 1.929 |5.037 3.108 | -memeee-- 0.0169 0.0273 0.0104

493 | -===--- 2.033 | 5.147 3114 | - 0.0172 0.0278 0.0108

503 | ------- 2.137 | 5.246 3109 | - 0.0176 0.0280 0.0104

513 [ -=eee-- 2.241 | 5.350 3.109 | e 0.0179 0.0283 0.010

523 | ------- 2.346 | 5.454 3.108 | -memeee-- 0.0183 0.0287 0.0104

533 | wmee-- 2.450 | 5.558 3.108 | -=memeee- 0.0186 0.0290 0.0094

543 | ------- 2.554 | 5.663 3109 | eeeeeeeee- 0.0196 0.0294 0.0098

553 | --omv 2659 | 5767 |3108 | - 0.0193 | 0.0297 |0.0104

563 | ------- 2.763 | 5.871 3.108 | -mememeee- 0.0197 0.0301 0.0104

573 | -oomv 2867 | 5976 |3.109 | - 0.0200 | 0.0304 |0.0104
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Continue table-2-

M1 molI'TMn mol.IT [ K(n>2) [ K(n>3) | K(n>4) [ K(n>11) | K(Large) n>40)
0.1434 0.0057 0.5287 | 1.2456 | 1.9202 | 4.3595 | 6.1284
0.1339 0.0057 0566 | 1.3340 | 2.0557 | 4.6688 | 6.5632
0.1254 0.0057 0.6046 | 1.4244 | 2.1959 | 4.9852 | 7.0064
0.1176 0.0057 0.6448 | 1.5193 | 2.3415 | 5.3159 | 7.4684
0.1108 0.0057 0.6843 | 1.6121 | 2.4846 | 5.6422 | 7.9293
0.1045 0.0057 0.7256 | 1.7093 | 2.6351 | 5.9823 | 8.4097
0.0988 0.0057 0.7671 | 1.8070 | 2.7857 | 6.3274 | 8.8903
0.0936 0.0057 0.8096 | 1.9074 | 2.9402 | 6.6790 | 9.3840
0.0888 0.0057 0.8530 | 2.0095 | 3.101 | 7.0400 | 9.8865
0.0845 0.0057 0.8969 | 2.1129 | 3.2588 | 7.3982 | 10.3952
0.0805 0.0057 0.9415 | 2.2179 | 3.419 | 7.7659 | 10.9115

Table-3- heat content at sublimation at temperatures indicated.

TK AHKcal.mol
1
473 4.020
483 4.153
493 4.486
503 4.828
513 5.196
523 5.543
533 5.863
543 6.353
553 6.746
563 7.150
573 7.449
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