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The external degree of freedom of linear and branched molecules of

polymers played an important role in new polymer synthesis. The theory
Simha-Somcynsky (SS) which established for the first time the statistical
thermodynamics and polymers state of equation, using the mean field
theory (that does not depend on the structural of materials). Expressed
through the zeroth-order mean field theory through the hole vaccume
cells as a measure of irregularity in the lattice. The (SS) theory has
achieved quantitative success in statistical thermodynamics of polymers.
The SS theory has been applied to extract the external degrees of
freedom for polyethylene at different molecular weights. The external

E-mail: _ degree of freedom is very important parameter to specify the
Shanayhassan8@gmail.com thermodynaics characteristic parameters. Applying SS hole theory, the
Tel: thermodynamic properties of polyethylene was studied for temperature

from 353K up to 473 and pressure from 0.1Mpa up to150 Mpa. The
minimum and maximum deviations in specific volume was found to be
0.045 (PE2100) and 1.138 (PE156) respectively..

Introduction

Simha-Somcynsky (SS) Hole Theory:

Simha-Somcynsky (SS) developed an equation of
state (EOS) based on the lattice-hole model[1]
introducing the temperature and volume dependent
occupied site fraction, y(V,T). The Simha and

Utraki [2] has differentiated from cell theories[3], the
state an equation obtained is applied to low molecular
weights [4], macromolecules and mixtures [5-6] and
quantitative success has been achieved. Expressed
with polymer filled and hole theory[7]. The occupied
site fraction, y(V,T), and the complementary hole

fraction h(V,T), are given by the following
equation: y —1_h— Ns ()
N, + Ns

where N and N, are the number of molecules and
holes respectively and S is the number of segments
in a molecule. The configuration partition function
[8], Z. . for N polymer molecules consisting of s

segments and the proportion of occupied and empty
cells, is given as in below.

conf
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Where g(N,y)the combinatorial factor by Poser and

Sanches[9]., that is the total number of
distinguishable degenerate arrangements of the holes
and molecules is expressed as

_en(y
g(Ny) =y " (1-y) " Q)
The free volumeur by Carri and Simha[10].
expressing the amount of void in the lattice is given
as in below;

v = U*{y[(yv)m - 2*1’6}(17 y)(yv)”3}3 ee(4)

Here, the first part of the free volume an equation
represent voids in filled cells, (free volume fraction)
intracellular spaces, and the second part is the spaces
in the lattice sites, that is represent empty cells.

The total lattice energy E, for s-mer is given by;
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Here @ =yV /SN is amount of occupancy. gl
the characteristic lattice energy of system in
equilibrium state and Q, the number of contacts
between pairs nearest adjacent segments.
d,=s(z—2)+2 ...(6)

The total external degree of freedom(3c) that
determines the flexiblity for an ideal chain as given
by; 3c=S+3 (7)

By substituting all above equations in configuration
partition function then substitutes in

configurable free energy equation F. . we get
configurable free energy of the system.
Fconf =-KTIn Zconf
1-y
=NKT Iny+KkTsN| —= |In(1-y) ®)
y

7\ 5-we 1 -
3KTCN {In[(yv) 2 y}+3ln(v )}
L yNg,e (w7 [L011(yV)” —2.409
+5¥No2" (W) [ (W) -2 }
is obtained as. In the case of balance, the occupancy
rate of the system does not change; In this case, the
derivative of the system free energy should be equal
to zero according to the occupancy rate:

(ﬁ] _0n (9)
ay V.T.cls

1
-1 In(l-y)] 773 2y -
S—SC[ST+¥}——3—L(W)2[2.409—3.033(yv)2}:0

1- 6T
..(10)
n=2"y(yV)™ the derivative of free energy by
volume gives the expression of pressure.

-(%U PV, T]=P[V.Tiy(v.V)] (1D

Thus, the state equation to be used in polymers is
obtained.

Table 1 shows the characteristic

TJPS

PV_ 1 . 2y AR - (12)
- _1—77+ = (W) [1.011(yv) 1.2045}
Explicit expression of reduced parameters that
establish the link between theoretical values and
experimental values is.
- P \Y; T
P= , , —
P* \%A T ..(13)
The characteristic reducing parameters that establish
the relationship between theoretical and experimental
parameters are given below.
p*:ﬁ’ *:U_S, T*:qz_g ..(14)
mvV”* m c
It is expressed. Then the charateristic parameters
relalation equation as in below.

(P*\/ ]Mo (SR .(15)

-I-*
M_is the mass of the unit segment of the molecule

and R gas constant.

The Lennard-Jones-Devonshire, Prigogine cell model
and fluid phase [12-16], and these cell models, a
modified with the hexagonal package structure was
developed by Dee and Walsh [17]. In order to obtain
the average interaction parameter and repulsive
volume characteristics from these parameters. These
parameters are separated into different molecular
units that may be on the lattice. For this, the
necessary decomposition equations are solved and
interaction energys  and repulsive volume v
parameters are obtained.

The average error and maximum error in the specific
volume, are given as in below.

AVavera e = 100 = _Viexp
o N Viexp

AV, = max(AV,)

The Results and Discussion

..(16)

arameters of polyethylene at different molecular weights

Polymers [ s=n | ¢ P"(Mpa) | V" (cclg) | T (K) | 10%7(cclg) | £ (K)
PE156 11 1.7 | 728.1 1.245 10028 | 17.74 152.2
PE226 16 1.8 | 689.3 1.237 12903 | 17.70 148.2
PE338 24 1.9 | 657.7 1.229 17865 | 17.51 143.4
PE1100 78 4.7 | 678.7 1.214 23434 | 17.30 140.8
PE2100 150 | 10.8 | 692.2 1.201 24617 | 16.92 139.2
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By applied the SS theory have been extracted some of
important thermodynamic parameters as in tablel,
external degree of freedom, characteristic PVT,

TJPS

CCS=0.998

—x/t

y=y +Ae

SS model

PE2100

repulsive

volume

be

tween

segments
characteristic energy parameters, obtaining

and
the

values of a parameters is the purpose of this study.

Table 2 shows the characteristic values and the
minimum and maximum deviations in volume at
different molecular weights of polyethylene

polymer | (2 fao® | Rim 02| YEMIN | 96 Ma
s Err Err
PE156 90.4 53.2 0.418 1.138
PE226 66.0 36.7 0.212 0.914
PE338 46.2 24.6 0.104 0.766
PE1100 35.6 75 0.059 0.240
PE2100 33.8 3.9 0.045 0.130

The values of charateristic parameters for different
molecular weights of polyethylene are calculted
intable2 to extract the chains of polyethylene is
flexible or not as showed in graph6 .

Table 3 shows the hole fraction (h=1-y) values of

¢ (External Degree of Freedom)
Y
1

2| PE226

PE156

0 T T T T
0 20 40 60 80

s(Segmental Length)
Fig. 2: showing the degree of external freedom with
segment lentgh

T T T
100 120 140 160

This graph shows that as the segment length
increases, the degree of external freedom has been
found to increase logarithmically. The most important
thing that focuses us on this study is to determine the
value of external degree of freedom and to learn
about its behavior.

polyethylene
Temp.(C) | PE156 | PE226 | PE338) | PE1100 | PE2100
80 0.174 | 0.143 0.109 0.088 0.082
100 0.193 | 0.159 0.123 0.010 0.093
120 0.212 | 0.176 0.137 0.112 0.105
140 0.231 | 0.193 0.151 0.125 0.117
160 0.251 | 0.214 0.166 0.135 0.130
180 0.272 | 0.228 0.181 0.150 0.143
200 0.293 | 0.246 0.196 0.163 0.156
Mw(kg)
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Fig. 1: The values T* for different molecular weights of
polyetylene as a function of segmental length.

The figure 1 shows that the characteristic temperature
of the polymer chain is highly dependent on the
number of segments, in this study we have identified
the characteristic temperatures increasing as the
segment lentgh increases, the main reason belong to
the number of contact pairs of segment increases and
identified the segment length more 150, characteristic
temperature remains constant.
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Fig. 3: The values hole and occupied site fractios for
different molecular weights of polyetylene.
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The data of this graph have been extracted by using
the SS theorey their themodynamic properties
especially the hole fraction in the range of 353-473 K
temperatures as in table3. Shows the relationship of
different molecular weights to the temperature
equivalent . There are two important determinations in
this graph, the first is shown less hole fraction as the
molecular weightincreases, the second identified the

temperature increases leads to increase in hole
fraction.
SS model
o PE156
720
g PE2100
= .
F 60+ e PE226 /
L)
PE1100
0 ®  PE338
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Fig. 4: The values P* for different molecular weights of
polyetylene as a function of segmental length.
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The characteristic presure of low molecular weight
in polyethylene (PE156) I it is an expected value that
will have high, characteristic pressure has decreased
when molecular weight increased, but for
macromolecularstructures (PE1100, PE2100) the
characteristic pressure increase as the molecular
weight increases, because cross-links are more in
macromolecular structures.

SS model PEl?g
N PE226 o
=
g AN
: AN
8] \
] n
PE1100 \
AN
- PE2100 ™
T : | | |
660 675 690 705 720 mh
P* (Mpa)

Fig. 5: Shows the relation between the characteristic V*
versus the characteristic pressure P*.

This graphic shows two independent equations.The
first event characteristic volume and characteristic
pressure decrease when increasing molecular weights
(PE156, PE226 and PE338), the second event when
molecular weghts increases (PE338, PE1100 and
PE2100) leads to decreases in characteristic volume
and relative increases in characteristic pressure, the
reason for thisis that as the molecular weight
increases the cross-links increases.

SS model

PE156 m

90 4

(P*V*T*)10°°
3
1

60
(RIM)X10°3

Fig. 6: Shows the relation between the characteristic

parameters versus the inverse of molecular weights
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The figure6 give for us the important information
properties about chains behavior the characteristic
parameters (P*, V* and T*) from the table2, with the
inverse of the molecular weight. It gives us
information about the structure of the chain molecule,
it is found that the slope is proportion between
externel degree of freedom to number of segment and
found the value of this proportion around one and a
half, this mean the polyethylene acts as if the average
chain molecule acts as a rod and acts with less order
of freedom than a monomer, obtaining this
information is one of the aim of this study, because
this information will help us synthesize new
polymers.

In this study, Newton Raphson Method is used as one
of the impotant tools, NRM methodis used in the
solution of equations 10 and 12 nonlinear equations
and an iteration is needed to start for most appropriate
external degree of freedom solution by chracteristic
parameter correlation (equa.15). iterasion is made up
to the most appropriate value under the conditions.
On the other hand the matrix is used to solve the state
of equations for reduced temperature and reduced
volume formed as a result of iteration. Since the
matrix isnot a diagonal matrix, the Pseudo inverse
Matrix Technique (PIMT) were used so that the most
appropriate parameter values were found forsolved
equations.

Conclusions

This study has reached very good results that can be
decided in accordance with its purpose,

One of the most important results was determinedthat
the external degree of freedom varies according to the
weight of the polyethylene molecole. It has been
lagarithmically elevated in macromolecular structure
and the ratio of the external degree of freedom to the
segment length indicates that there is relative
flexibility in the chain structure of polyethlene for
differet molecular weight s have been studied. Other
parameters were to be compatible with the
expermental especially the hole fraction and specific
volume depends on temperature. As it is known, the
polymertypes are few in nature, the industry world
prefer polymer synthsis. The aim of this study is the
ability of polyethylene to be synthesized. Finally,
according to the results have been obtained by using
the SS theory as in three tables, new polymers could
be obtained for the polymerization process and
brought to the world industry.
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