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The paper reviews the scientific achievements reported by the school of polymers 
founded by Acad. Cristofor I. Simionescu in the field of pleistomers (ultrahigh molecular 
weight polymers). During the 80’s and 90’s, many efforts were devoted to their synthesis 
and characterization, and here Simionescu and coworkers have made a substantial 
contribution. Plasma-induced polymerization was successfully used for the first time to 
obtain very long macromolecular chains with unusual properties. By using different 
techniques, systematic studies were carried out in dilute solution and solid state, for 



 Maria Bercea 2 14 

determining the conformational characteristics of pleistomers. New thermodynamic 
approaches were tested and validated experimentally for the very high molecular weight 
range of polymers. Semidilute solutions of pleistomers were used as model fluids for testing 
the new rheological concepts for polymers in entangled state. 

Keywords: pleistomers, plasma-induced polymerization, conformational characteristics, excluded 

volume effect, entangled macromolecules 

1. INTRODUCTION 

From the first evidence of its existence, a polymer denotes a chemical species 

composed by many repeating parts (from the Greek, πόλες = many; μέρος = part), i.e., 

a long macromolecule containing a certain number of repeating units, N, coming 

from monomers, that gives the degree of polymerization. The molecular weights of 

such compounds cover a large range, usually from a few thousands to hundreds of 

thousands units (g/mol). 

The size of the macromolecular chains is one of the most important 

characteristics of polymers [1–3]. If the dimensions of macromolecules are known, 

along with their structure and conformation, many properties of interest, such as 

the rheological or mechanical ones, can be predicted and exploited in practical 

applications. 

For the first time, the ultrahigh molecular weight (u.h.m.w.) polymers were 

called by Simionescu et al. [1] pleistomers (pleistos = very many, so pleistomers 

mean very many mers). The term pleistomers was attributed to very long 

macromolecular chains, with molecular weights of millions of units (g/mol), 

representing more than 15–20 thousands of repeating structural units [1–3].  

The lower limit of the molecular weight domain corresponding to polymers is 

characteristic to each type of structure, being mainly influenced by chain flexibility. 

Inferior homologues are known as oligomers, also denoted as pleinomers [4], 

characterized by a number of repeating structural units (N) in the 2<N<No range, 

where No is the critical number of structural units above which the characteristic 

polymer properties are observed.  

For a clearer image of the variation of chain dimensions, Figure 1 

schematically delimitates the different domains of polymers as a function of their 

physical properties – for example, under good solvent conditions, the mean radius 

of gyration for pleistomers can reach hundreds of nanometers up to micrometers  

[1–3,22,23,40,59,68]. For oligomers, the dimensions are below 10 nm while, for usual 

length polymers, the macromolecular size reaches tens and hundreds of nanometers 

(50-250 nm) [68]. 

From the dependence of intrinsic viscosity and molecular weight (or N) it 

was observed that, generally, No>20. For example, No was 28 for rigid 

macromolecules of xanthan [5,6], 50 for polystyrene [7,8], 75 for polyacrylonitrile 

[2,3] and 135 for very flexible chains, poly(dimethylsiloxane), respectively [9]. 
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Due to the polydispersity of samples, the transition from oligomers to polymers 

covers sometimes a range of molecular weights, a limit that can be depicted by 

following the thermodynamic or thermomechanical properties as a function of 

molecular weights. 
 

 

Fig. 1. Delimitation of different molecular weight domains as a function of the change  

in the properties of a homologous series. “Pleistomers” denote very long macromolecular chains,  

a concept firstly introduced by Simionescu et al. [1]. 

As the macromolecular features were more and more extensively elucidated, 

a new question appears: how do polymers behave when the molecular mass 

increases highly, of the order of millions of units (g/mol). Considering that chain 

flexibility increases with increasing molecular weight, and extrapolating this 

observation to very high molecular weights, one can reach an artifact and postulate 

erroneous conclusions, with no physical meaning. Thus, any theoretical hypothesis 

must be supported and validated by experimental data. 

The two extreme molecular weight species, pleinomers and pleistomers, 

represent not only quantitative forms of homologous series, but also they have 

distinct features, compared with usual length polymers. 

2. PLASMA-INDUCED POLYMERIZATION – A NEW ROUTE FOR PLEISTOMERS 

SYNTHESIS 

The synthesis of u.h.m.w. polymers was reported by using an original 

procedure reported by Simionescu et al. in a series of papers issued in the 80’s [10–26]. 

These studies confirmed the experimental evidence on living radical 

polymerization by using plasma-induced (co)polymerization as a technique for 

obtaining living macroradicals. In addition, a kinetic model of unterminated radical 



 Maria Bercea 4 16 

polymerization was proposed [24]. Usually, the free radical polymerization kinetics 

assumes three different stages: initiation, propagation and termination. In the first 

stage, initiator’s decomposition takes place, in order to produce two free radicals 

(R
.
). By adding monomer (M) molecules, initiation of the active polymer chain (P

.
) 

occurs. In the second step, the active chain propagates and the macromolecule 

grows by adding new monomer molecules. This process stops either by chain 

transfer reactions to X (X = monomer, initiator, solvent, impurity, chain transfer 

agent, etc.), or by a recombination/ disproportionation reaction with another active 

chain. For plasma-induced (co)polymerization process, the initiation reaction occurs in 

the gaseous phase. The active species are formed very fast and the activity of the 

propagating chains is very high and stable in time, even at room temperature, 

yielding very high or ultrahigh molecular weight polymers. The last stage is 

missing and the polymerization in such conditions presents a living character 

(Scheme 1), as demonstrated by the following characteristics: the transfer and 

termination steps were eliminated or drastically diminished; concentration of the used 

initiator was very low; polymerization was carried out in the absence of impurities; 

due to the high viscosity of the environment, the mobility of growing macroradicals 

was considerably reduced, inducing a living character to the polymerization process. 

Also, a prolonged post-polymerization period was required as, within about 400 

hours, relative viscosity increased 200 times while Mw reached values of l0
7
 g/mol, 

with a low conversion (below 3%) [24]. For the kinetic expressions written on the 

right side of Scheme 1, it was assumed that radical reactivity is independent on 

chain length; the radicals resulted in chain transfer reactions reinitiate the 

propagation of chains; the monomer is consumed completely during propagation. 
 

Initiation:    I  2R
.
   kd [I] 

   R
.
 + M  P1

.
  ki [R

.
][M] 

Propagation: Pn
.
 + M Pn+1

.
  kp [Pn

.
][M] 

No termination  

Scheme 1. Kinetic model of plasma-induced polymerization (adapted from [24]) 

3. CONFORMATIONAL CHARACTERISTICS IN SOLUTION 

The thermodynamic properties of pleistomers in solution were discussed 

from the viewpoint of their dependence on solvent quality and molecular weight, at 

different temperatures of interest. The results were published in more than 100 papers 

reported by Simionescu’s group, some representative contributions being included 

in the reference list [1–3,7,8,22,23,25,27–35,37–74]. 

The specific interactions occurring in u.h.m.w. polymer solutions were 

carefully studied from both theoretical and experimental points of view. It was 

demonstrated that the increase of macromolecular size is accompanied by the 
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appearance of new properties, which requires reconsideration of the fundamental 

laws governing the physico-chemistry of polymers [1–3]. 
The thermodynamic behaviour of dilute polymer solutions, quantified 

through the conformational characteristics, influenced by temperature, solvent 
quality, molecular weight domain, can be approached by different excluded volume 
theories. Such theoretical approaches mutually differ in the mathematical methods 
and approximations used, yet all of them relate the excluded volume effects to 
measurable quantities, by considering different possible interactions (polymer-
solvent, short- and long-range, intra- and intermolecular interactions). 

Solvent quality plays an important role in determining the type and magnitude of 
polymer-solvent interactions. Thus, in a good solvent, the attraction forces between 
the chain segments are weaker than the polymer-solvent interactions, so that the 
random coil adopts an extended conformation. The excluded volume interaction is 
responsible for the swelling behaviour of the overall chain dimensions in a good 
solvent, and the polymer is dissolved over a wide range of temperatures.  

In a poor solvent, the polymer-solvent interactions are not favored, and 
therefore the attraction forces between chains predominate, consequently the 
random coil adopts a contracted conformation. The situation when the second virial 

coefficient is zero, known as  (theta) state, depends on the polymer-solvent system 

and temperature. In this state, the polymer chains behave as ideal ones, the 
interactions of monomer units distanced from each other along the chain being 

neglected. Any polymer can reach its   state, either choosing the appropriate solvent 

(named  solvent) at constant temperature, or adjusting the temperature (named 

 temperature or Flory temperature) in a given solvent. The unperturbed dimensions 

of pleistomers are influenced by the occurrence of unhindered interpenetration, 
which diminishes the preferential adsorption phenomena [8]. Thus, no  
conformational transition phenomena depicted for usual length polymers in the 
vicinity of theta condition were observed at high molecular weight polymers 
[2,39,46,50,58,67]. 

The following conformational characteristics of macromolecules were 
investigated: the second virial coefficient (A2), the mean dimensions (Rg or <S

2
>

1/2
), 

intrinsic viscosity []. They express the thermodynamic behaviour of macromolecules 
in dilute solutions and are influenced by temperature and solvent quality, on one 
hand, and by polymer’s structure and architecture, by electrostatic interactions and 
polymer concentration, on the other. Many efforts were devoted in Simionescu’s 
group to explore the influence of the molecular weight domain upon the 
conformational characteristics of oligomers and polymers. 

In the oligomer region, the effect of the excluded volume is negligible, even 
in good solvent conditions [73,74], when the unperturbed state is attained and the 
chains present a Gaussian behaviour. The excluded volume effects become 
important in good solvents, as the dimensions of polymer chains increase. There 
are different concepts trying to describe the thermodynamic behaviour of 
macromolecules by using dimensionless parameters, such as the excluded volume 
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parameter (z), the second virial coefficient (A2) or the Flory-Huggins interaction 

parameter (). The theoretical approaches mutually differ in the mathematical methods 
and approximations adopted, but all of them relate the dimensionless parameters to 
measurable quantities, by considering different possible interactions. These interactions 
will influence the conformation and configuration of polymer chains and, consequently, 
their thermodynamic behaviour. A single macromolecular chain can be fully extended 
in good solvents at high dilution (high excluded volume effect), but usually a 
macromolecular coil is formed, due to the balance of interactions with the solvent and 
polymer itself. In addition, understanding the dynamics of polymer chains is the key 
for predicting the properties of polymer solutions, such as diffusion coefficients, 
viscosity, sedimentation coefficient, and rheological characteristics. 

The conformational characteristics of different pleistomers were investigated 
by the research group of Simionescu in good and theta solvents. Some conclusions 
were directly drawn from the experimental data concerning the root-mean square 
radius of gyration, S, the second virial coefficient, A2, and intrinsic viscosity, [η]. 
Different models and extrapolation procedures were also tested for pleistomers, the 
application of which requires a careful analysis of results. It is now generally 
accepted that the most important parameters characterizing the conformational 
characteristics of polymers in dilute solutions, denoted as P, depend on the 
molecular weight of polymers, M, according to the following relationship [2,3]: 

 
a

P MKP   (1) 

where KP is a proportionality constant depending on the thermodynamic conditions 
(solvent quality and temperature). 

The following limits were established for the conformational characteristics of 
pleistomers:  

 
P = S  aS    =  0.5 theta conditions; aS       0.6 good solvent 

P  =  A2  A2   =   0 theta conditions; aA2     - 0.2  good solvent 

P  = [η]     a  =    0.5  theta conditions; a       0.8  0.9 good solvent 

With increasing molecular weight, in the same thermodynamic conditions, 
there is a change in the values of Kp  and a; thus, for high excluded volumes 
(pleistomers in good solvents), exponent a  tends to asymptotic values [2,3,73]. 

4. EXCLUDED VOLUME EFFECT 

The interactions involving the isolated macromolecules manifested in dilute 
solutions are conveniently divided into two classes: 

– Short-range interactions, which occur between neighboring atoms or groups, 
and are usually forces of steric repulsion caused by the overlapping of electron clouds; 
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– Long-range interactions, consisting of attractive or repulsive forces 

between segments widely separated in a chain that occasionally approaches one 

another during molecular flexing, and between polymer segments and solvent 

molecules. 

Different approaches are included in the two-parameter theory that postulates 

that the second virial coefficient, 2A , intrinsic viscosity, ][ , and the static ( S ) 

and viscometric (  ) expansion factors are functions of short-range and long-

range interactions through the interpenetration function, )(z  [75–77]. Very 

briefly, the behaviour of flexible polymers in dilute solution is usually done 

through some dimensionless parameters, namely [2,3]: 

– excluded volume parameter, z, defined as: 

 
2/12/32/3 )/()]4/(1[ MABz L  (2)       (2) 

where: 
2/mBL   ( LB is the long range interaction parameter;   is the 

binary cluster integral between macromolecule’s repeating units of 

molecular weight m ); MSA /2 , S – the mean radius of gyration in 

unperturbed state, M – molecular weight of polymer; 

– linear expansion factors, S  and  : 

 
22 /  SSS   (3)          (3) 

   ]/[][3   (4)          (4) 

where: 
2S , 

2

S  and ][ , 
][  represent the mean square radii of gyration 

and intrinsic viscosity in perturbed and unperturbed state, respectively; 

– the interpenetration function, )(z : 

 )4/()( 322

2 SNMAz A  (5)        (5) 

where AN  – Avogadro’s number;  

– the hydrodynamic penetration function, )(z , which can be expressed as: 

 ]/[)( 2  MAz   (6)         (6)( 

Figure 2 shows the general shape of )(z  
(which is very similar to )(z ), 

evidencing that, for high excluded volume (extended conformation of pleistomers), 

)(z  
 1.1 [2,3]. 
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Fig. 2. Hydrodynamic penetration function, )(z , as a function of linear expansion factor,
 

12
s  , 

for pleistomers in solution [3], compared with usual length polymers (data summarized in [75]). The 

full curve is given by the theoretical predictions [76,77] (adapted from [3] with permission from 

Elsevier). 

 

A major deficiency of the excluded volume theories lies in the fact that the 

most approximate equations frequently emerge from first-order perturbation 

calculations, and the required mathematical transformations are only permitted for 

infinite molecular weight. Thus, experimental data is still needed for pleistomers 

on order to formulate the general expression for the behaviour of  macromolecular 

chains in solution. 

5. SEMIDILUTE SOLUTIONS OF PLEISTOMERS AS MODEL FLUIDS 

Most single long polymer chains present high elasticity and are very 

extendable under stress. For the mathematical description of the large-scale 

deformations exhibited by a Gaussian polymer chain (considered as beads 

connected by a spring and surrounded by fluid molecules), two models were 

widely used: Rouse model, where excluded volume and hydrodynamic interactions 

are neglected, and Zimm model, which takes into account the hydrodynamic 

interactions [78,79]. During the shear flow, the isolated macromolecules in dilute 

solution suffer alternative stretching and contraction. By stopping the external 

force which determines the flow, the polymer chains tend to find their equilibrium 
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end-to-end distance controlled by entropy through an elastic force. Nevertheless, 

flexible and semi-flexible chains in dilute solution do not show any elastic recovery, 

due to a lack of chains connexion, despite the fact that the chains extend/ recoil by 

applying/ stopping the external stress. Thus, elastic recovery is usually detected in 

concentrated polymer systems where temporary junctions are present, connecting/  

associating all chains to the boundaries of the sample. 
However, by increasing molecular weight, the viscosity of polymers in 

solution or melt state also increases, due to the higher resistance manifested when 
external forces are applied, so that processing of such materials becomes very 
difficult. In semidilute solution, pleistomers have different properties, as compared 
with usual lengths polymers.  

The macromolecular features of pleistomers in semidilute solutions can be 
described on the basis of the reptation concept, which was the starting point for a 
revolutionary approach describing the macromolecular dynamics in solution or in 
melt state. According to this theory [80], each polymer chain is confined within a 
virtual tube made up of the neighboring chains. The Doi-Edwards theory [80] and 
its variations [81–85] give nowadays a satisfactory prediction for the time-dependent 
flows in complex fluids [72]. The Doi-Edwards approach gives a reasonable 
description of the macromolecular response to large step-shear strains, but fails to 
predict other nonlinear shear properties, such as the steady-state viscosity or the 
relaxation of stress after cessation of steady shearing [64]. 

To describe the rheological behaviour of entangled polymers at very high 
shear rates, Cates et al. [86] have proposed a new mechanism for chain stretching, 
which arises because the tube, even when fully aligned with the flow, has a finite 
lateral dimension, which exposes different parts of the chain to different flow 
velocities. Using a simplified model, the authors predict the asymptotic behaviour 
of the shear stress and a first normal stress difference, and show that stable flow is 
recovered at sufficiently high shear rates. This new approach also predicts a quasi-
plateau of shear stress (rather than a true one), which becomes flatter and flatter as 
the number of entanglements per chain increases. Experimentally, a true plateau of 
stress evolution as a function of shear rate cannot be observed in melts or 
concentrated solutions of synthetic polymers with ordinary molecular weights. At 
the same time, it should be noted that experiments performed at high shear rates 
often show serious difficulties (for instance, in cone-and-plate experiments, the 
sample can be expelled from the apparatus). These difficulties were overcome by 
using semidilute solutions of extremely long chains. Thus, the first validation of 
this model was signaled previously for u.h.m.w. poly(methyl methacrylate) [48,50] 
and a more detailed experimental study was presented later [72]. High molecular 
weight polymers (usually, with Mw above 10

6
 g/mol) have a very large spatial 

extension and interpolymer interactions occur at low concentration. As for 
moderate-to-high molecular weight polymers, a large difference in the rheological 
behaviour occurs over a critical concentration, ce, where chain entanglements begin 
to take place. The viscosity scales with M below ce while it scales as M 

3.5
 above ce [50]. 
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The response of a viscoelastic fluid to a step strain deformation is governed 

by two characteristic times, the equilibration or retraction time (e) and the 

reptation or disengagement time (d), which characterizes the escape of the chain 

from its constrained environment. At times just after the strain step, an extended 

chain retracts rapidly inside the affine deformed tube, which constraints it, and the 

stress relaxes rapidly with a characteristic time e [78].  The valueof the retraction 

time, e, is on lower than the longest relaxation time R of a Rouse chain. At times 

enough longer than e, the chain disengages itself from the tube and gradually 

assumes a random orientation by reptation, which takes place in a time d, called 

the disengagement time, which is approximately equal to the longest relaxation 

time of the fluid. An empirically determined material time constant k is often 

defined for a fluid by the time after which the stress relaxation modulus can be 

factored into time and strain dependent functions, the so-called time and strain-

dependent factorability [85]. Values of k represent the end of the retraction process, 

or times sufficiently higher than e. The alignment approximation in the Doi-

Edwards theory gives a satisfactory prediction for the general deformation history. 

Without this prediction, the time-dependent flows have been somewhat limited. 

U.h.m.w. poly(methyl methacrylate) in good (toluene) and marginal 

(dimethylformamide) solvents has shown unusual shear behaviour [72]. It 

presented a plateau in the viscosity and first normal stress difference curves when 

plotted against shear rate. At sufficiently low shear rates ( d   < 1), the 

entanglement network is nearly undisturbed. At a flow faster than d
-1

, the flow 

stretches the tube; initially, the chain follows it, but then it shrinks back by a 

retraction process. At such high shear rates, Doi and Edward predict that the 

steady-state viscosity )(   is a decreasing function of  : )(    
2/3 . Since 

)()(    × , the shear stress should increase at low shear rate, attaining its 

maximum at 1  = d
-1

, and then decreasing at higher shear rate [48,72]. A 

successful theory was obtained [81–86] by developing a molecular model based on 

the convective constraint release (CCR). The revised model predicts many of the 

features of steady and transient shearing flows. Convective constraint release can 

both shorten the reptation tube and allow reorientation of interior tube segments. 

The general Doi-Edwards theory is re-written in a simplified form, which assumes 

that all parts of the molecule share the same orientation and degree of stretch or in 

a contour-variable form in which orientation and stretch are functions of tube 

coordinates. The resulting theory captures many nonlinear rheological properties of 

entangled flexible polymers under fast flows, i.e., at shear rates   > 1/d 

[48,64,66,71,72,82,83]. Thus, semidilute solutions of pleistomers represent ideal 

systems for testing the new concepts on flow dynamics of polymers in entangled 

state. 
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6. OUTLOOKS / PERSPECTIVES? 

Pleistomers have penetrated different application areas, including many 
advanced technologies. As a result, many groups have become more and more 

concerned with their synthesis [87–95]. In addition, many natural polymers have 
very long chains [96]. 

A comprehensive understanding of pleistomers (from their synthesis and 
characterization to potential applications) still represents a challenge. Application 
of the fundamental laws governing polymer chemistry and physics to the very large 
dimensions of the macromolecular chains revealed that many accepted concepts 
and relations have to be revised or reformulated [2,3]. Thus, a reasonable 
understanding of pleistomer properties generates new research directions and 
unexpected end uses, for example: engineering [87,88,91] and biomedical [92] 
applications, wastewater treatment [90,94], enhanced oil recovery [49,63,95], etc. 
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