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Abstract
This PhD thesis is devoted to the study of the conformational behavior of branched polymers

in confined volumes. This behavior depends not only on polymer architecture and

composition but also on steric confinement and on interaction of polymer segments with the

confining wall. Better understanding of complex entropy-to-enthalpy interplay can elucidate

the mechanism of the chromatographic separation at the microscopic level. An unambiguous

size-exclusion chromatography (SEC) analysis of mixtures containing different polymer

architectures is difficult because the sizes of polymer coils, which determine the separation,

depend not only on molar mass but also on the polymer architecture. Modern

chromatographic methods combine the SEC with the interaction chromatography (IC). They

exploit the fact that polymer interactions with pore walls, which are the prerequisite for

efficient IC separation, depend strongly on polymer architecture. The knowledge of the

conformational behavior of linear and branched polymers in confined volumes and of their

interactions with confining medium enables to find optimum conditions either for enhancing

or for suppressing the role of individual factors that influence the separation.

We have shown that the complex entropy-to-enthalpy interplay in polymer solutions in

confined volumes is more intricate than that in bulk solutions, because it includes the entropy

loss induced by confinement and the entropy and enthalpy contributions due to polymer

surface interactions. Because of different deformability and adsorption of H-shaped and linear

chains, the partition coefficient of both chains (which generally differ) become equal at

specific conditions called the “branching compensation adsorption strength” (BCAS). We

have found that BCAS is a universal phenomenon and it does not depend on the composition

of the mixture. This finding is important not only from the theoretical point of view but also

for experiment and applications. On the one hand, it means that the improper choice of

experimental conditions could worsen the efficiency of chromatographic analysis. On the

other hand, it suggests the possibility of exploiting the compensation effect to get information

on polymer architectures.

Keywords: computer simulation, Monte Carlo, dissipative particle dynamics,

chromatographic separation, H-shaped polymer, linear polymer, mixtures
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Symbols and abbreviations
A Helmholtz free energy

BCAS branching-compensation adsorption strength

c concentration of polymer beads

CAP critical adsorption point

CBMC configurational-bias Monte Carlo technique

CG coarse-graining

χ Flory-Huggins parameter

D width of a pore

DPD dissipative particle dynamics

ε interaction parameter

ga, gb, gc components of a gyration tensor

G Gibbs free energy

H enthalpy

IC interaction chromatography

kb Boltzmann constant

K partition coefficient

LC liquid chromatography

LCCC liquid chromatography at the critical condition

λ coil-to-size ratio

MC Monte Carlo method

ν scaling exponent

PERM pruned-enriched Rosenbluth method

Rg radius of gyration

S entropy

SAW self-avoiding walks

SEC size exclusion chromatography

T temperature

U internal energy

W Rosenbluth factor

X molar fraction
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Chapter 1 Introduction
Conformational variability is one of the most characteristic features of polymers and

copolymers. High numbers of potential conformations and tunable microstructures of polymer

chains (chemical composition and arrangement of building units) are responsible for their

fascinating properties. The number of possible conformations of flexible polymers resulting

from rotations around single bonds is enormous and therefore polymer shape can be described

only statistically by means of computer simulations. This work is devoted to the computer

study of conformational behavior of linear and branched polymers under geometric

confinements, which is relevant for size-exclusion chromatography (SEC) and interaction

chromatography (IC). Monte Carlo (MC) simulations of chromatographic separations were

performed in order to interpret the results of experiments at the molecular level. This task is

very important, because SEC and IC or their combination are widely used for the purification

and characterization of polymers. Despite great efforts made by theoreticians and

experimentalists, the present understanding is not satisfactory. For instance, in IC separation,

the response of each architecture to the interaction strength, is still ambiguous. This thesis

presents new findings obtained by our simulations, e.g., the conformational characteristics of

polymers in narrow pores and the impact of solvent quality on chromatographic separation of

each macromolecular species in solutions of architecture mixture and suggests also a suitable

method for separation of H-shaped and corresponding linear polymers.

Chapter 2 Aims of the study
The work involved in this thesis is targeted at better understanding the conformational

behavior of polymer chains and at the relationship between the conformational behavior under

confinement and the chromatographic separation of polymer chains of different architectures.

This thesis is aimed at elucidation of the complicated mechanisms of chromatographic

separation of branched and linear polymers, including the effects of the entropy-controlled

steric exclusion and the enthalpic interactions between the polymers and the pore walls, and at

obtaining results important for practical chromatographic experiments.
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Chapter 3 Theoretical part

3.1 Separation mechanisms of liquid chromatography

The ideal SEC mechanism does not exploit enthalpic interactions of the solute with the

stationary phase, and the separation of polymer compounds differing in molar mass is based

on steric effects only; it is controlled by differences in the conformational entropy of polymer

chains in the pores and in the bulk solvent [1]. The partition coefficient K, which is used for

characterizing the partitioning of polymers in the column (porous medium), is defined as the

ratio of equilibrium concentrations of a particular component in the stationary phase and the

mobile phase, and can be expressed as a function of the Gibbs free energy:= = exp − ∆ = exp − ∆ + ∆ , (3.1)

where cS and cM are the equilibrium concentrations of the solute in the stationary and mobile

phases, respectively, kb is the Boltzmann constant, T is the temperature and ΔG is the change

in the Gibbs function accompanying the transfer of one molecule from the bulk mobile phase

into the pore, containing the enthalpic (ΔH) and the entropic (ΔS) contributions. In pure SEC,

the contribution of the enthalpy term (−ΔH / kbT) in equation (3.1) is approximately zero and

the polymers are separated according to the coil-to-pore size ratio λ, defined as λ = 2Rg,bulk / D,

where Rg,bulk is the radius of gyration of a polymer chain in the bulk solution and D represents

the pore size. For interaction chromatography (IC), the enthalpic contribution to the retention

is essential, and thus the adsorption on the pore surface (ΔH < 0) becomes a force competing

with the force reflecting the loss of conformational entropy. The adsorption strength between

polymer beads and the pore wall, which ensures that SEC separation is completely offset by

the enthalpic attraction, is called the “critical adsorption point” (CAP) [2], and the

corresponding separation technique is named liquid chromatography at the critical condition

(LCCC) [3].

3.2 Model of liquid chromatography

Our model for mimicking the LC column (see Figure 3.1a) is illustrated in Figure 3.1b, where

the square pore represents the porous stationary phase. The partition coefficient, K, can be

obtained directly from the ratio of polymer concentrations (volume fraction) in these two

phases according to equation (3.1). Different LC processes can be modeled by varying the
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value of the interaction parameter between the polymer and the pore wall εw, e.g., εw = 0,

εw < 0 and εw = εw
CAP represent the SEC, IC and LCCC modes respectively.

Figure 3.1: Schematic illustrations of (a) the chromatography column and (b) the bulk-pore model used for
computer simulations.

Chapter 4 Used simulation methods and measured
characteristics

Polymer chains are modeled as self-avoiding random walks on a simple cubic lattice by

means of Monte Carlo simulations. The occupied lattice sites represent polymer beads, and

the solvent molecules are taken into account only implicitly (as unoccupied lattice points).

Regular H-shaped polymers, which have the same lengths of arms and the backbone, and

linear polymers with the same total length are studied.

4.1 Configurational-bias Monte Carlo

The configurational-bias Monte Carlo (CBMC) was first introduced by Siepmann and Frenkel

[4]. The CBMC algorithm is a type of MC move that enables a large change of configuration

in a single trial move, and hence CBMC is an appropriate method for simulations of dilute

solutions of relatively long polymers, e.g. for studies of chromatographic separation. The

CBMC algorithm is based on the Rosenbluth sampling [5] and the key steps can be described

as follows:

1. Select a random chain from the simulation box, find its Rosenbluth factor W(o) and

delete the selected (old) chain from the lattice.

2. Grow a new chain and determine its Rosenbluth factor W(n).

3. Accept or reject the new conformation with a probability(o → n) = min 1, ( )( ) . (4.1)
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4.2 Pruned-enriched Rosenbluth method

The Rosenbluth algorithm has two disadvantages for long polymer chains. First of all, the

chain growth terminates if no free neighbor sites exist. This so-called “attrition” problem

causes fast decrease of efficiency with polymer length [6]. Secondly, the distribution of

Rosenbluth factors is very broad and thus the ensemble averaging may be influenced by

conformations with high or low weights. Grassberger [7] introduced the pruned-enriched

Rosenbluth method (PERM) to overcome the above-mentioned problems. A lower threshold

W< and upper threshold W> are employed in the Rosenbluth sampling to reduce the fluctuation

of W. The core steps of PERM are summarized as follows:

1. If the current value of Rosenbluth factor of monomer i during the biased growth of a

chain, W(i), is lower than W<(i), it should be doubled and the creation of chain will proceed

with a probability 1/2 (pruning).

2. If W(i) exceeds the upper threshold of the current step, W>(i), we create k (k ≥ 2)

different conformations with the Rosenbluth factor W(i)/k (enrichment).

4.3 Measured characteristics

1. The partition coefficient, K, is evaluated according to equation (3.1).

2. The radius of gyration of a polymer coil, <Rg
2>, is defined as〈 〉 = 〈 ∑ [( − ) + ( − ) + ( − ) ]〉 , (4.2)

where the subscript cm represents the center of mass.

3. The radius of gyration parallel to the pore axis (x direction), <Rgx
2>, is defined as〈 〉 = 〈 ∑ ( − ) 〉 . (4.3)

4. The components of the gyration tensor, ga, gb and gc, are obtained as follows [8]:

The tensor of inertia of a polymer coil is first obtained from the positions of all

monomers:

= ∑ [( − ) + ( − ) ] −∑ ( − )( − ) −∑ ( − ) ( − )−∑ ( − ) ( − ) ∑ [( − ) + ( − ) ] −∑ ( − ) ( − )−∑ ( − ) ( − ) −∑ ( − ) ( − ) ∑ [( − ) + ( − ) ] , (4.4)
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where the subscript cm denotes the center of mass. The values of principal moments of inertia

Ia > Ib > Ic are obtained by the diagonalization of the tensor of inertia using the Jacobi

method [9]:

= 0 00 00 0 . (4.5)

The principal half-axes, ιa, ιb, and ιc, of so-called equivalent ellipsoid (ellipsoid with the same

values of principal moments of inertia as polymer) can be expressed as

= ( ) , = ( ) , = ( ) , (4.6)

where m is the mass of an individual bead. The square radius of gyration Rg
2 equals the sum

of (square) components of the gyration tensor ga, gb, and gc,= + + , (4.7)

where = √ , = √ , = √ . (4.8)

Chapter 5 The most important results

5.1 Scaling behavior of linear and H-shaped polymers in bulk solutions
and under steric confinements

We use the PERM algorithm and study the log (<Rg
2>) (and log (<Rgx

2>)) as a function of

log (N) for both linear and H-shaped SAW chains in pores with inert walls. These

relationships are linear and the obtained slopes are for the sake of brevity denoted as the

“local scaling” exponents νL, and their dependences on pore size D are shown in Figure 5.1a.

In bulk solutions, the exponents νL start from their theoretical values: νLG = 0.6 and νLT = 0.5.

The subscripts LG and LT mean local scaling in a good solvent and in a θ-solvent,

respectively. The evolution of exponents νL is non-monotonous and they both pass through

minima in the mild confinement region. Taking into account the known fact [10] that chains

become slightly compressed in the intermediate region of λ ≈ 1, i.e., Rg,bulk ≈ D/2, this scaling

behavior can be explained as the impact of geometrical constraint, because it reflects the

contraction of chains, more precisely the contraction of the longest principal component of the
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gyration tensor. As the scaling exponent characterizes the easiness of expansion of chains

with increasing length, which is influenced by interactions of polymer beads with the solvent

and with each other and by weak steric confinement, one can conclude that, in relatively wide

pores, the chains effectively feel more hostile conditions than in the bulk solvent. However,

the “effective solvent quality” does not reflect the enthalpic, but the entropic effects. For very

narrow pores, both exponents monotonously increase. However, for all studied pore sizes,

they do not reach their theoretical limit value ν = 1 for (1/D) → ∞, irrespective of the solvent

quality.

In a θ-solvent, the chains both in pores and in bulk are more contracted and the

exponent νLT is always lower than that in a good solvent. The curve passes through a broad

and a shallow minimum which shifts towards higher 1/D compared to that in a good solvent.

The minimum value of νLT indicates quite compact conformations of chains in pores. Later

the curve starts to grow, but the positive slope is lower than that for a good solvent.

Figure 5.1: A plot of the scaling exponents νLG and νLT vs. 1/D for both linear (circles connected by dotted lines)
and H-shaped (squares connected by solid lines) polymers in a good solvent (black color) and a θ-solvent (red
color), obtained by plotting log <Rg

2> vs. log N. (b) The dependence of the scaling exponents νLXG and νLXT vs.
1/D for both linear (circles connected by dotted lines) and H-shaped polymers in a good solvent (black color)
and a θ-solvent (red color), obtained by plotting log <Rgx

2> vs. log N. Reprinted from [11]. Copyright 2016
Elsevier.

The scaling exponents of gyration radius parallel to the pore axis, νLX, increase

monotonously with 1/D for both linear and H-polymers in a good solvent (see the curve of

νLXG in Figure 5.1b). The difference between the scaling of gyration radius and gyration

radius parallel to the pore axis reflects (i) slight preferential orientation of the chains along the

pore axis and (ii) the fact that shortening of the long axis of the gyration tensor occurs for

chains oriented across the pore, which will be presented in more detail in the discussion of

partitioning of chains between two phases. The scaling exponents of chains in pores in a good
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solvent are quite high and increase significantly with 1/D, while those in a θ-solvent are

almost constant and start to grow only in relative narrow pores with D = 12.

5.2 Chromatographic separation of H-shaped and linear polymers in
good solvent

The effect of the pore size D on the partition coefficients K is summarized in Figure 5.2a.

Both partition coefficients increase with the pore size and, for pure SEC (εw = 0), KH is always

higher than KL. They increase with increasing |εw|, and it is obvious that, for εw = −0.2, the

dependences of KH and KL vs D overlap in the whole region of studied pore sizes. It indicates

that the “branching-compensation adsorption strength” (BCAS), at which the chains with

different architectures and the same length cannot be separated, almost does not depend on D.

In pores with strongly interacting walls, i.e., for |εw| > 0.2, KL becomes larger than KH.

The differences of free energy change between H-shaped and linear chains due to the

transfer of the chain from bulk into the pore, Δ(ΔA) = ΔAH – ΔAL, are depicted in Figure 5.2b.

The theoretical value of this difference is zero for very small pores, where both polymers are

excluded. For pore sizes comparable with 2(Rg,bulk)H, the difference TΔ(ΔS) due to entropy

changes between the H-shaped and linear chains in the pores and the bulk increases with the

pore size because H-shaped chains can enter the pore more easily. For a pore size larger than

2(Rg,bulk)L, both polymer chains can enter the pore without major limitations. For pure SEC,

the difference stems only from steric confinement and the absolute value of the difference

between the entropy changes decreases with increasing pore size because the importance of

confinement and the depletion effects also decrease.

The most efficient separation for pure SEC occurs approximately in a pore with D =

17, where |Δ(ΔA)| reaches the maximum. The strong adsorption to the pore wall not only

increases the value of K, but also shifts the maximum difference between KH and KL towards

lower D. For this reason, the monotonous decrease of |Δ(ΔA)| with increasing D can be seen

only in pores with higher |εw|.
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Figure 5.2: (a) Partition coefficient K as a function of pore size D for regular H-shaped (squares connected by
solid lines) and linear chains (circles connected by dotted lines) for different interactions: εw = 0 (black), −0.10
(blue), −0.15 (brown), −0.18 (green), −0.20 (red), −0.22 (magenta), −0.24 (cyan) and −0.26 (orange). (b) The
double difference Δ(ΔA) = (ΔA)H − (ΔA)L between the free energy of systems of H-shaped and linear chains
accompanying the transfer of one chain from the bulk into the pore as functions of D (for the same set of
interaction parameters εw as in Figure 5.2a). Note that the first operator Δ describes the difference between
chains of different architecture, while the second symbol Δ designates the difference between the pore and the
bulk. Reprinted from [10]. Copyright 2016 American Chemical Society.

The average size and shape characteristics of polymer coils <Rg
2>, <ga

2>, <Rgx
2>, <gb

2>

and <gc
2>, are shown in Figure 5.3 as functions of the pore size. The shapes and sizes of both

H-shaped and linear chains are almost unchanged in wide pores, changes occur only for the

confinement λ approaching and lower than 1. For H-shaped polymers, the conformational

changes start at D = 30 and for linear ones at D = 40. The latter changes are more pronounced

than the former. The longest component of the gyration radius of equivalent ellipsoids, ga, is

the most affected and decreases appreciably with decreasing pore size. As a consequence, the

radius of gyration, Rg, also decreases with decreasing pore size. The chain becomes

effectively more spherical in narrow pores, since the middle and smallest components (gb and

gc) are almost unchanged. The facts that the radius of gyration parallel to the pore axis (x-

direction), <Rgx
2>, increases with decreasing pore size and simultaneously <(gc

2 + gb
2) / 2>

remains almost constant and <ga
2> decreases indicates preferential orientation of both linear

and H-shaped chains parallel to the pore axis in narrow pores. The study also shows that the

linear chains are effectively more deformable than the H-shaped chains, because the density

of beads in the linear chain domains is lower and the excluded volume plays a less important

role. The higher conformational variability of the linear chains explains their more important

adsorption on strongly adsorbing walls compared to the H-shaped chains.
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Figure 5.3: Characteristics of chain shape and size as a function of pore size D for two values of interaction
parameter εw = 0 (black) and −0.20 (red). The left figure (a) corresponds to the H-shaped chains and the right one
(b) to the linear chains. The individual size characteristics are designated by the following symbols: <Rg

2> (□),
<ga

2> (●), <Rgx
2> (○), <gb

2> (■), and <gc
2> (▲). Reprinted from [10]. Copyright 2016 American Chemical

Society.

5.3 Chromatographic separation of mixtures of H-shaped and linear
polymers in good and θ-solvents

We studied the concentration dependence of the partition coefficients, K, of linear and H-

shaped chains in solvents differing in thermodynamic quality. The simulation results for linear

polymers partitioning in the pure SEC mode (εw = 0), are summarized in Figure 5.4a and

comparison of linear and H-shaped chains is shown in Figure 5.4b. In the region of good

solvents (εpp from 0 to ca. −0.20), the partition coefficients K increase with concentration,

which is in agreement with theoretical expectations and with the results of other authors [12-

14]. However, the slopes of the concentration dependences are negative in the θ-solvent and

in the poor solvents. The above-mentioned impact of solvent quality may be explained by the

mean-field theory. The partitioning of polymer chains (regardless of the architecture) between

the bulk solution and the pores at low concentration is controlled by the conformational

entropy of confined chains in the pores and by the entropy of unrestricted chains in the bulk.

At increasing concentrations, repulsive interactions of closely located SAW chains generate

osmotic pressure Π, which can be expressed in a limited range of concentrations, where the

contribution of the third and higher virial coefficients can be neglected, by the following

simple expression, = + ( ) , (5.1)

where c is the polymer concentration, Mn is the number average mass of the polymer, R is the

gas constant, T is the temperature and A2(T) is the temperature-dependent second virial
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coefficient. In good solvents the chains are expanded, A2(T) is positive and, because the

concentration of the polymer in bulk is higher than in the pore (and the bulk solvent is

effectively a slightly better medium for the chains than the pore (see discussion in 5.1.), i.e.,

A2(T)bulk > A2(T)pore), increasing concentration generates positive net osmotic pressure

(Πbulk − Πpore) > 0, pushes the chains to enter the pore and the partition coefficient K increases

with c.

Analysis of the concentration dependence of K in a θ-solvent is more complicated. In

bulk, the geometrical effect of the excluded volume is counterbalanced by favorable

interactions between the polymer beads (compared with polymer-solvent and solvent-solvent

interactions). The chains behave effectively as ideal interpenetrating chains, A2(T)bulk = 0, and

increasing the concentration in bulk does not produce an increase in (Πbulk/c) and does not

push the chains inside the pores as much as in a good solvent. According to the results for the

scaling behavior of constrained chains in a θ-solvent shown in Figure 5.1a, the scaling

exponent approaches 1/3 for moderate confinements (λ ≈ 1), which indicates poor “solvent

quality” in the pores, resisting the penetration of the chains into the pores.

Figure 5.4: (a) Partition coefficient K of linear chains in SEC as a function of concentration c for different
solvent qualities: εpp = 0 (black), εpp = −0.10 (green), εpp = −0.15 (brown), εpp = −0.22 (blue), εpp = −0.25 (orange),
εpp = −0.2693 (red), εpp = −0.29 (magenta). (b) Comparison of H-shaped (squares connected by dotted lines) and
linear polymers (circles connected by solid lines) for εpp = 0 (black), εpp = −0.22 (blue) and εpp = −0.2693 (red).
Reprinted from [11]. Copyright 2016 Elsevier.

The effect of solvent quality on the partitioning of regular H-shaped chains in pure

SEC is analogous (see Figure 5.4b). For each concentration in SEC, KH is always higher than

KL regardless of the solvent quality, since the hydrodynamic volume of a branched chain is

always smaller than that of a corresponding linear molecule.
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A series of simulations for the chromatographic separation of mixtures of regular H-

shaped molecules (N =125) and the equivalent linear chains were performed. We examined

how the individual partition coefficients (KH and KL) depend on the composition of the

mixture, i.e., on the molar ratio of H-shaped chains XH that is defined as XH = nH / (nH + nL),

where nH and nL are the numbers of H-shaped and linear molecules respectively. The total

number of molecules of two species (nH + nL) was 300 for all the simulations.

Figure 5.5 summarizes the dependences of the partition coefficients of the components

of the mixture in good and θ-solvents for several attractive interactions between the polymer

and the pore wall. It is obvious that both partition coefficients KL and KH in all cases almost

do not depend on the mixture composition. The difference ΔK between KH and KL is constant

and relatively small (independent of the composition of the mixture because both curves are

essentially parallel), but the good news is that ΔK in the mixture is almost twice as large as

the difference between the K values of the pure components, which improves their

chromatographic separation.

Figure 5.5: (a) Partition coefficients K of H-shaped polymers (squares connected by dotted lines) and linear
polymers (circles connected by solid lines) chains in a good solvent as a function of the fraction of H-shaped
polymers XH in the mixture for several values of the adsorption strength: εw = 0 (black), εw = ε* = −0.175 (blue);
εw = −0.24 (red). (b) Analogous plots for a -solvent. εw = 0 (black), εw = ε* = −0.18 (blue); εw = −0.24 (red).
Note that ε* (defining BCAS) differs slightly in good and -solvents. Reprinted from [11]. Copyright 2016
Elsevier.

The KH and KL curves for the BCAS, εw = ε* (blue curves), coincide quite well in the

whole range of XH values. The values of ε* of the mixtures differ slightly from those of the

pure components. For the strongest adsorption in our simulations (εw = −0.24), KL is higher

than KH (see the red curves) because linear chains are more deformable and more sensitive to

the increasing attractive interaction, as we previously explained. This interaction parameter εw

= −0.24 is very close to the critical adsorption point (εw
CAP) [15]. Both KH and KL are high
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(close to 1), but the difference |KH – KL| in a good solvent is approximately the same as in

pure SEC. In a θ-solvent for εw = −0.24, both KH and KL are greater than 1. In this case, the

separation mechanism is based mostly on different adsorption strength of linear and H-shaped

chains.

Chapter 6 Conclusions and summary
The computer study of the conformational behavior of linear and branched (H-shaped)

polymers presented in this thesis yields new information important from both the theoretical

and the practical points of view. The study describes the behavior of both H-shaped and linear

polymers as the result of the intricate interplay of entropic and enthalpic forces. The analysis

of polymer conformations under different conditions elucidates the differences in their

conformational behavior at the molecular level and helps to explain principles of

chromatographic separation. The study focuses on the conditions relevant for experimental

chromatography (mild steric confinement and low concentration).

The polymers of both architectures are slightly compressed in pores with comparable

sizes to their diameters. They become effectively more spherical than the chains in the bulk.

This behavior results in a non-monotonous dependence of the scaling exponent of

geometrically confined chains on pore size with minimum just for these pore sizes.

For interaction chromatography the “branching-compensation adsorption strength”

(BCAS) was found, at which the branched chains and their linear analogues have the same

values of the partition coefficient and so they cannot be chromatographically separated. The

value of BCAS does not depend on the composition of the mixture; it depends only slightly

on the chain length. This universal phenomenon is important from a practical point of view,

because it enables suppression of the branching effect by proper combination of size-

exclusion and interaction chromatography.

For both size-exclusion and interaction chromatography, the concentration

dependences of partition coefficient K are affected considerably by the solvent quality. The

observed increase in a good solvent is mainly due to the excluded volume effect of beads and

consequently increased osmotic pressure at elevated concentrations. The pronounced decrease

of partition coefficient with concentration in a θ-solvent is caused by the non-ideal behavior

of confined θ-polymers, i.e., a counteractive osmotic pressure from the pore yielded by a non-

zero second viral coefficient.
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Different behavior of linear and H-shaped polymers in mixtures was found by

evaluation of the concentration profiles and the structural characteristics of the polymers at

different distances from the pore axis. The more deformable linear chains preferentially

accumulate close to the walls and are oriented parallel to the pore axis (mainly for attractive

walls).
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