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1. Introduction

Yuri Pavlovich Yampolskii (Yu.P. Yampolskii) is the founder of a whole 
area in Russian science - membrane materials science. His work shifted in 
this direction in the late 1970s - early 1980s of the last century and began 
from the study of the gas transport properties of polyvinyl-trimethyl silane 
(PVTMS), its derivatives, and copolymers [1–4]. This was associated 
with the advent of gas separation PVTMS membrane, its introduction into 
industrial processes, and the development of membrane technology in the 
USSR. However, even then the scientific interests of Yuri Pavlovich were not 
limited to the materials based on the PVTMS: the study of other polymers 
started [5–7], the search for the correlation between transport parameters, the 
structure of polymers, and their physicochemical characteristics, measured 
by different methods, was also initiated [8]. In the mid-1980s, Yampolskii 
became the initiator of work related to probe methods for studying the 
free volume of polymers. The first study was collaborative work with the 
Institute of Chemical Physics of the USSR Academy of Sciences on the 
annihilation of positrons [9]; the continuation of this work resulted in a series 

of publications [10–14]. Since the beginning of the 1990s of the last century, 
Yuri Pavlovich was invited to write and edit monographs in the area of 
membrane science [10,15–19]. The connection of transport properties with 
data of various probe methods has become the most important achievement of 
modern membrane materials science. The relationship between the chemical 
structure of polymers and their transport characteristics, not only qualitative 
but also quantitative [20], is the most important contribution of Yampolskii 
to the area designated by him "membrane materials science". The series of 
lectures with the same name, founded by Yampolskii, is taught today by his 
students and acolytes in the Moscow State University and the A.V. Topchiev 
Institute of Petrochemical Synthesis of the Russian Academy of Sciences. 
Finally, the thermodynamics of the interaction of polymers and sorbates 
(including gases) was combined by Yampolskii with data from membrane 
studies, which determined the principal connection of fundamental science 
with practical applications. This article is divided into three chapters devoted 
to three scientific areas, to which Yampolskii contributed greatly.
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The article aims to pay respects to the excellent scientist and good friend Yuri Pavlovich Yampolskii. This article describes several scientific areas that Yampolskii was actively 
engaged in, and is divided accordingly into three chapters. The first chapter contains information about the main group of polymers (polyvinyl-trimethyl silane, polynorbornenes, 
PIM-family polymers, perfluorinated polymers, etc) that Yampolskii investigated in the framework of membrane gas separation. The second chapter considers the application of 
the inverse gas chromatography technique for the characterization of penetrant sorption in polymeric membrane materials (highly permeable glassy polymers) that was mainly 
developed by Yampolskii's group. The third chapter describes the work of Yampolskii's group on computational chemistry, compiling gas transport data into the TIPS RAS Database, 
its capabilities in correlation analysis, and "structure-property" predictions. We will miss our beloved teacher and colleague and hope this article will, to some extent, tell a story of 
his eventful and energetic life in the scientific world.
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2. Polymers for membrane gas separation 

 

Yampolskii is well known as one of the pioneers in membrane materials 

science. He studied polymers as membrane materials starting from the 1970s 

and managed to investigate a wide range of polymer types throughout his 
career. He published many works compiling his findings and reviewing some 

general trends regarding different polymers' place in membrane science 

[17,21–24]. Some of his works were dedicated to rubbery polymers [4,6,7,25–
29], polystyrenes [25,30], polyimides [31–36], polyarylenes [37–39]. 

This chapter aims to provide some resumes on the polymers studied by 

Yampolskii (Fig. 1), though it is hard to cover all of the research fields he had 
an impact on. 

 

 

 

Fig. 1. Location of the polymers studied by the group of Yampolskii in the 

Robeson diagrams for O2-N2 pair (a) and CO2-CH4 pair (b). Solid and dashed 

lines correspond to Robeson’s upper bounds of 1991 [40] and 2008 [41]. 

 

 

2.1. Poly(vinyl trimethylsilane) 
 

Poly(vinyl trimethylsilane) (PVTMS) was for the first time synthesized in 

A.V. Topchiev Institute of Petrochemical Synthesis (TIPS RAS) in the middle 
of the 1960s by the team of Durgaryan and Nametkin (Fig. 2) [42].  

PVTMS had an impressive gas permeability and selectivity combination 
at the time of its first appearance and soon it was scaled to the production 

level, an asymmetric membrane was prepared. Yampolskii had actively 

participated in the investigation of gases and vapors' permeability, diffusion, 
and solubility in PVTMS [1,3,7,25]. As it was obvious already that the 

chemical structure of polymers affects their properties and gas transport 

parameters, some works on chemical modification of PVTMS were 
performed [2]. However, the performed modification did not lead to an 

improvement of gas separation properties and thus PVTMS remained the 

model polymer for further investigations of the physicochemical behavior of 
polymers [26,43,44]. 

In the 1980s-1990s new polymers appeared that stirred the interest of the 

membrane science society, and PVTMS started to slowly lose its position. 

However, it is worth mentioning that well-investigated and stable PVTMS is 

still used by researchers to calibrate novel methods and study some polymer 

properties and modification types. 
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Fig. 2. PVTMS structure. 

 
 

2.2. Polyacetylenes 
 

From the first publication about the synthesis and gas permeability of 
poly[1-(trimethylsilyl)-1-propyne] (PTMSP) [45], this polymer was 

investigated numerous times by different scientific teams and it was very 
popular, to say the least (Fig. 3). The reason for this commotion is the 

anomalously high free volume and gas permeability of PTMSP, though it was 

found later that this polymer is susceptible to physical aging [46,47].  
 

 

Si CH3CH3

CH3

CH3

n

 

Fig. 3. PTMSP structure. 

 

 

Yampolskii had joined this global trend to study PTMSP in the late 1980s 

[7, 48]. He investigated this polymer from different points of view as it was 

important to deeper understand PTMSP structure and Physico-chemical 
properties peculiarities. Yampolskii and his colleagues studied the process of 

physical aging of PTMSP [49], used different methods to investigate its free 

volume [50]. 
PTMSP made it clear that the rigid polymer backbone of polyacetylenes 

with a double -C=C- bond leads to high gas permeability and diffusivity. It 
made Yampolskii quite interested in the polyacetylenes group overall. And, 

though this polymer class variety is limited by the side-groups in a repeat 

unit, Yampolskii with his Russian and foreign colleagues performed studies 
of a series of substituted polyacetylenes, that have confirmed polyacetylenes 

to be, in general, highly permeable polymers [51–53]. 

 
2.3. Polynorbornenes 

 

Polynorbornenes is the polymer class (Fig. 4), which representatives are 

actively synthesized in TIPS RAS. Finkelshtein and Gringolt's teams work on 

the synthesis of such polymers since the 1990s [54,55]. One of the important 
characteristics of this group is the possibility of two types of synthesis: 

metathesis and addition polymerization.  
Yampolskii had a long and fruitful collaboration with Finkelshtein and 

Gringolts teams. It can be seen by an astonishing number of publications they 

prepared together [56–78]. 
Among other things, the studies they performed were dedicated to the 

difference between addition and metathesis polymers [67]. Two types of 

synthesis lead to the formation of dramatically different isomers. They differ 
in such properties as glass transition temperature (Tg), density and free 

volume, gas separation parameters. Therefore, this polymer class may be 

useful for a wide range of tasks. 
While the metathesis synthesis is easier than the additional one, the 

resulting polymers have lower Tg, lower gas permeability, and lower chemical 

stability. On the other hand, addition polymerization leads to the formation of 
mechanically stable films with higher Tg and gas permeability, but the 

additive synthesis is more troublesome. 
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Additive polynorbornene structure Additive polytricyclononene structure 

Fig. 4. Polynorbornenes class structures. R1, R2, R3, R4 – substituents. 

 

It is worth noting, that during the period of collaboration of Yampolskii 

with Finkelshtein and Gringolts polynorbornenes with (i) –Si(CH3)3 and –

Ge(CH3)3 substituents [67,69], (ii) Si-O-Si fragments [68,72,77], as well as 
(iii) fluorine-containing [58] and halogen-containing [56] polynorbornenes 

were characterized. Such features of polynorbornenes as cis/trans isomers 
content [59,60], position and number of substituents [63,66], and 

stereoisomerism [74] were investigated. 

 
2.4. Polymers of intrinsic microporosity 
 

Polymers of intrinsic microporosity (PIM) are characterized by relatively 

high gas permeability, large inner surface area, and free volume, as well as 

great sorption capacity (Fig. 5). These properties place this group close to 

many polyacetylenes, yet they have a completely different structure. The first 

member of the group, PIM-1, was first reported about 15 years ago by P.M. 

Budd et al. [79]. Yampolskii immediately realized the importance and 
potential of such polymers and began the investigation in this area. In 2008, in 

a team of authors, including the discoverers of PIM-1, he published an article 
on the gas permeation and physicochemical properties of PIM-1 [80]. The 

further collaboration lead to the discovery of a novel group of PIM-based 

polyimides, called PIM-PIs; eight members of this group were characterized 
in detail in 2009 [81] and three more in 2013 [82]. Although, in general, 

polyimides have medium gas separation properties, the works of Yampolskii 

with co-authors demonstrated extremely high gas solubilities and gas 
permeation properties of PIM-PIs due to the introduction of PIM units into 

the structure of the polyimides. 
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Fig. 5. PIM-1 Structure. 

 

 
The idea of increasing the rigidity of the backbone, coupled with the 

concept of PIMs, lead to further development of PIM-derived materials, 

including polymers with ethanoanthracene units, which became an actively 
investigated area. A substantial part of Yampolskii’s work was dedicated to 

the investigation of the properties of PIM copolymers containing 

ethanoanthracene and, later, other anthracene-based moieties [83–85]. Some 

of the developed polymers exhibited excellent properties, significantly 

surpassing the upper bound of the Robeson 2008 diagram [41]. 

The investigation of PIM-1 material continues even now, with the 

direction shifted to the development of new methods of PIM-1 synthesis, for 

example, using polycondensation reaction in dimethylsulfoxide [86] and to 

the detailed description of PIM-1 treated by different methods [87]. 

 
 

2.5. Perfluorinated polymers 
 

Since the invention of polytetrafluoroethylene (in 1938th) researchers pay 
attention to perfluorinated polymers due to a unique combination of their 

physicochemical properties (excellent chemical and thermal resistance, low 

cohesive energy, flame, and oxidative stability, etc). However, an intensive 
investigation of the group of the polymers started in the 1990s since novel 

perfluorinated glassy non-crystalline polymers (amorphous Teflon AF and 

Hyflons AD, Cytop, homo- and copolymers of hexafluoropropylene, 
poly(perfluoro-2-methyl-2-ethyl dioxole-1,3), poly(perfluoro propyl vinyl 

ether)) began to be tested on gas permeability often in collaboration with 

Yampolskii group [88–95]. The perfluorinated polymers showed unusual 
selectivities for methane- and hydrogen-containing gas pairs and are of 

interest for separation of bio-hydrogen, biogas, enrichment of helium and 

nitrogen from natural gas. The perfluorinated polymers often overcome 
Robeson’s upper bounds in 1991 and 2008 for N2-CH4, He-CH4, He-CO2, etc. 

The peculiarities and nature of gas sorption, diffusion, and permeation in the 

perfluorinated polymers were summarized and thoroughly discussed in his 
review [24]. 

 

 
3. Inverse gas chromatography 

 

Inverse gas chromatography (IGC) is a variety of gas-liquid 
chromatography and is widely applied for the estimation of physicochemical 

parameters of sorption, phase, and relaxation transitions of various non-

volatile low molecular compounds and polymers [96,97]. A set of compounds 
investigated as stationary phases includes low molecular compounds with 

molecular masses up to one thousand Daltons (higher n-alkanes [98–102], 

asphaltenes [103], oligomers of polyethylene oxides [104], phosphates 
[101,105], ionic liquids [106–109], liquid-crystalline compounds [110–112], 

etc) and high molecular compounds. Intensive exploration of the polymers as 
the stationary phases began after a pioneer work of Smidsrod and Guillet with 

N-isopropyl acrylamide [113]. Until now, a huge number of polymers have 

been investigated. And, one can divide them into two groups: polymers 
investigated (i) above the glass transition temperature (regions DC and IJ in 

Figs. 6a and b respectively) and melting point (region GF in Fig. 6a) and (ii) 

below the temperature (less numerous group, regions AB and HI in Figs. 6a 
and b respectively). A major part of thermodynamic parameters of sorption in 

high molecular compounds has been studied at temperatures of 5-40 °C above 

glass transition temperature (or melting point) when the polymers are in 
rubbery-like or molten states. Here, one distinguishes polyolefins, 

polysiloxanes, polyethers, polyesters, polyurethanes, polysulfones, 

polyetherimides, poly alkyl acrylates, and –methacrylates and their 
copolymers, polystyrenes, polyvinyl acetates, and its copolymers, etc [114–

116,116,117]. 

The application of IGC for testing glassy polymers is distinguished by 
some peculiarities requiring additional consideration. The equilibrium 

retention below and above the glass transition temperature is limited by the 

rate of sorbate diffusion in the polymer film covering solid support. If a 
condition (Dtl-2)0.5 < 1 (where D is the diffusion coefficient of the solute in the 

polymer, l is the thickness of the film, and t is the retention time of the solute 

in the chromatographic column with the polymer stationary phase) is met the 
retention diagram in passing through Tg becomes Z-shaped (Fig. 6a) and line 

AB corresponds to adsorption of the solute onto the surface of the polymer 

stationary phase. In the case of (Dtl-2)0.5 >> 1, an equilibrium absorption 
regime is attained. This condition can be satisfied (i) by a decrease in the 

thickness of the polymeric stationary phase that may result in undesirable 

effects (an increase of the influence of surface adsorption on the total specific 
retention volume) and (ii) by investigation of polymeric materials with higher 

diffusion coefficients of solutes. The first polymer satisfying the second 

requirement, PVTMS, was studied by the group of Yampolskii in the middle 
of the 1980s [118,119]. Meanwhile, drawing attention to the chronology, it is 

worth noting that the first IGC investigation of polymers above glass 

transition temperature was performed by Tait and Abushihada [120,121] in 
1977th. The authors investigated the absorption behavior of poly(vinyl 

chloride), polystyrene, poly(methyl methacrylate) below and above their glass 

transition temperature. However, the regimes of elution of solutes during the 
experiments for the glassy state of the polymers corresponded to those for the 
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investigation of adsorption behavior of the same stationary phases [122]. The 

same doubts can be referred to a relatively early IGC investigation (1980th) of 

polysulfone by Danganyach and Bonner [123]. Later on, highly permeable (at 

that time) polymers were analyzed by group of Yampolskii: poly(2,6-

dimethyl phenylene oxide-1,4) [124] (PPO), perfluorinated copolymers of 
tetrafluoroethylene and perfluorodioxoles (amorphous Teflon AF1600 and 

AF2400) [125–127], Hyflons AD [128,129]), metathesis type poly(5,6-

bis(trimethylsilyl norbornene)) [130], PTMSP [131], additive poly(5-
trimethylsilyl norbornene) [62], PIM-1 [80], poly(perfluoro-2-methyl-2-ethyl-

dioxole-1,3) [95]. A peculiarity of the retention diagrams of solutes for those 

polymers is their linear behavior above and below glass transition temperature 
that is attained by higher diffusion coefficients of the solutes in the rubbery 

and glassy states of the polymers (Fig. 7a). Meanwhile, further investigations 

of the perfluorinated amorphous Teflon AF by IGC were differed by the two 
linear branches [126,127] as the retention diagram in Fig. 6b demonstrates. 

Different slopes of the retention diagrams reflect different heats of 

sorption of solutes in the rubbery and glassy polymers. Indeed, the sorption of 
solutes in the rubbery-like polymers (excess partial molar enthalpy or partial 

enthalpy of mixing ΔHm) characterizes intermolecular interactions between 

solute and polymer. And, ΔHm can be slightly negative for favorable solute-

polymer systems with similar chemical structures (for instance, hydrocarbon 

solutes in hydrocarbon-based polymers [29], fluorocarbon solutes in 

fluorocarbon-based polymers [132]) and positive for unfavorable interactions 
in the unlike systems (hydrocarbon-fluorocarbon and vice versa) [29,132]. 

Nonetheless, the amounts of the excess enthalpies (as well as excess 

entropies) for the solute-rubber systems yet remain close to zero (Fig. 7b). On 
the contrary, the sorption of solutes in the glassy polymers differ by a 

significant thermal effect that is expressed in higher excess partial molar 

parameters of enthalpy and entropy (Fig. 7b) due to the presence of non-

equilibrium free volume in the structure of glassy polymers (see more detailed 

discussion of the phenomena and thermodynamic models of sorption in glassy 

polymers elsewhere [116,126,127]). 
Another unique application of the IGC technique proposed by 

Yampolskii is the characterization of cavities of free volume. The solute 

molecules were supposed to monitor the free volume elements and the more 
negative partial molar enthalpy of mixing is the more comparable sizes are for 

the solute molecule and the cavities of free volume. A good example of the 

applicability of the approach is a comparison of different probe techniques for 
the perfluorinated copolymer Hyflon AD [129]. The results of various 

techniques (photochromic probes, positron annihilation lifetime spectroscopy, 
129Xe NMR, IGC, and molecular dynamics simulation) showed a good 
agreement in the estimation of a mean value of free volume element [129]. 

The experimental data for other polymers are also presented in Fig. 8 

However, further testing of the perfluorinated polymers AF1600 and AF2400 
revealed another dependency of ΔHm vs. Vc [126,127] that did not repeat the 

previous ones. It might be associated with the difficulties of measurements of 

the equilibrium sorption parameters for the higher alkanes at temperatures 

close to the glass transition temperature. Despite the dissonances, inverse gas 

chromatography can be considered an effective instrument for the 

determination of the high-temperature sorption parameters for the polymers 
with higher free volume. 

 

 

 

 

 

 

 
Fig. 6. A schematic representation of retention diagrams (a dependence of specific retention volume on temperature) in van Hoff coordinates in passing 

through glass transition and melting temperatures for regimes of non-equilibrium (a) and quasi-equilibrium (b) absorption in a polymer stationary phase. 

Explanations in the text. 

 

 

 

 
 

Fig. 7. (a) Retention diagrams of benzene-PPO, n-dodecane-AF1600, and n-octane-PVTMS systems in passing through glass transition temperature (Tg 

denoted by arrows); (b) diagram of partial molar enthalpy of mixing versus partial molar entropy of mixing for different solutes in glassy (red symbols) 

and rubbery (blue symbols) polymers 
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Fig. 8. A dependence of partial molar enthalpy of mixing ΔHm on critical 

volume Vc of the n-alkane solutes. 

 

  

 
 

Fig. 9. Robeson diagram for O2-N2 gas pair [40]. 

 

 

4. The ‘Gas separation properties of glassy polymers’ Database and 

membrane gas transport properties predictions 

 

The most known work on the systematization of numerous permeability 
(P) and selectivity (α) data for polymers was performed by Robeson in 1991 

[40]. This work contained correlations of selectivity versus permeability of 

polymer membranes (so-called, Robeson diagrams), and laid the foundations 
of permeability/selectivity trade-off investigation [133]. Robeson diagrams 

were plotted using data from over 300 references, and an example of such a 

diagram is provided in Fig. 9. 
As shown in Fig. 1a data cloud is limited by the upper bound. The upper 

bound sets an aim for the researchers as the area above it represents the most 

promising polymers for membrane gas separation. Robeson’s work became 

highly cited soon and was developed further by Robeson [41] and other 

researchers [134,135] to establish up-to-date upper bounds. 

Membrane gas separation studying is quite well developed at A.V. 
Topchiev Institute of Petrochemical Synthesis, RAS (TIPS RAS). It can’t be 

argued that Yuri Pavlovich Yampolskii had a great deal in the popularization 

of this research field in Russia and globally. Yampolskii started to accumulate 
literature on the gas transport properties of polymers in the 1980s. This 

literature included data collected in TIPS RAS and also data published by 
international research groups. Robeson’s work, mentioned above, made a 

great impression on Yampolskii, and it became obvious that the dataset 

collected by him can be further expanded and used as a tool to study property-
property and structure-property relationships on a big range of different 

polymers. Yampolskii gathered a team that was supposed to work on the 

Database with him. This team included Shishatskii, Ishunina, and Alentiev. 
The decision was made that the future Database will contain information 

about glassy amorphous polymers, and in the middle 1990s, thanks to the 

collective work of Yampolskii’s group, the Database [136] consisted of 311 
polymers already. This dataset was considered sufficient to initiate the first 

attempts to predict gas transport properties of polymers by their chemical 

structure. 
Different methods used to predict the properties of various substances are 

the following: group contribution methods [137–140], graph theory [141–

143], artificial neural networks [144–146], and computer modeling [147–
153]. First attempts to predict the Physico-chemical properties of different 

low molecular weight organic substances were made in the 1930s-1940s 

[154,155]. A group contribution method was later used to predict a wide 
range of hydrocarbons properties [156]. These methods were further applied 

in the scope of chemical kinetics [157–159] and developed by international 

researchers [160–164]. 
It was very tempting to start predicting polymer properties by group 

contribution methods, though there were always difficulties in the transition 

from low molecular weight to high molecular weight compounds. 
Nevertheless, examples of attempts to predict polymer properties can be 

found in [165–168]. A huge influence on the development of group 

contribution methods had Van Krevelen’s book [137]. It systematically 

considered the possibilities of calculation and prediction of various properties 

of polymers, including density, coefficient of thermal expansion, heat 

capacity, mechanical properties, and even some sorption and mass transfer 

processes parameters. Van Krevelen had noted that it is possible to perform 
predictions using different additive methods, i.e. by atomic, group, or bond 

contributions, however, he had chosen to split the structure by groups as a 

preferable method. These groups may be both by individual atoms (e.g., -O-, -
Cl-) and bigger fragments (e.g., -СН3, -С6Н4-). Van Krevelen method is 

widely accepted and applied to calculate unknown properties of new 

polymers. 
A series of independent methods were also developed for polymer 

properties prediction. Bicerano [169] proposed to use topological indices of 

connectivity, based on graph theory to represent the polymer structure and 
predict its properties. This method is hard to comprehend as the formulas used 

for calculations include correction factors of an unknown origin. 

Askadskii's semi-empirical methods complex [138,170] seems quite 

reliable. It is based on calibration using well-known model polymers as 

standards. Calculation of polymer properties takes into account the basic 

concepts of solid-state physics. The van-der-Waals volume of the atoms 
constituting a repeat unit of a polymer serves as a fundamental characteristic. 

A repeat unit was presented as a set of anharmonic oscillators, composed of 

atom pairs of the repeat unit. The energy of intermolecular interaction is 
considered in some cases, for example, for coefficients of thermal expansion 

or glass transition temperature calculation. 
One can see that quite an impressive foundation was built to start 

implementing classical prediction methods to calculate gas transport 

properties of membrane polymer materials. In Salame’s works [171–173] new 
concept of the Permachor (π) parameter is proposed. This parameter 

characterizes each group of the repeat unit, and gas permeability was 

calculated by the formula P=A·exp(-s·π). This method contained some 
debatable moments. First of all, the calculation was performed for the 

polymers of glassy, semi-crystalline, and rubber polymers collectively, so the 

same group could have had different values depending on, for example, the 
degree of crystallinity. In addition, different polymers with the same 

permeability value should have had the same selectivity level. 

The first reliable predictions by group contribution methods were 
performed in [139,140,174] at the end of the 1990s. These studies were based 

on splitting the polymer structures into relatively big structural fragments. 

The accuracy of these predictions was very high, however, it was later noted 
in [175] that this accuracy could’ve been associated with the preliminary 

selection of the data and omitting the results that could add to the dispersion. 

At approximately that time, the team of Yampolskii with the help of its 
new member, young student Kirill Loza, started to publish a series of articles 

on gas transport properties prediction. In the framework of the first work 

performed by the Yampolskii team [20], ~300 polymers from the Database 
[136] were split into the following groups: H, C(sp3), C(sp2), C(aromatic–sp2), 

O=, -O-, Si, Cl, Br, F, -N<, =S=, -S-. The calculations were performed for six 

main gases important for membrane gas separation: H2, He, O2, N2, CO2, and 
CH4. The best results were achieved when groups were attributed to the 

polymer backbone or side group separately. This method was called the 

modified atomic contributions method. The need to bring all data points to the 

same temperature prompted the study of the correlation of permeability with 

an apparent activation energy of permeation (EP) [176]. The results of this 

work are still used by the Membrane Gas Separation Laboratory of TIPS RAS 
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to estimate EP for the polymers, for which no temperature dependences of gas 

transport parameters were measured. Good accuracy of predictions was 

shown in [20] for polyimides and polynorbornenes. However, the group 

contribution methods were further developed for polyimides: in [177] 

polyimides gas transport parameters were predicted using the presentation of 
this vast class of condensation polymers as alternating copolymers of 

dianhydrides and diamines. So, each dianhydride and diamine acted as a 

whole fragment, which has its contributes to the gas permeability or 
diffusivity. It should be noted, that this work was inspirational for other 

investigators. For example, in 2015 Velioglu and Tantekin-Ersolmaz 

published their work [178] on the prediction of copolyimides gas permeability 
that provided great results and accuracy. 

There are different possible uses of the Database. For example, it can be 

used to select membrane materials for specific purposes [179]. It is also 
applicable for the investigation of the dependencies between transport 

characteristics and physicochemical parameters of polymers within the 

framework of well-known theoretical models on a representative dataset. For 
example, the theory of free volume describes well the correlation of diffusion 

and permeability coefficients with the inverse free volume for polymers of a 

similar structure. However, for a large dataset (even, for example, for 

polyimides with similar structure [180]) these correlations become mediocre 

at best because of large uncertainties in the quantitative determination of the 

free volume. Removing this uncertainty by solving the system of equations 
for a pair of gases lead to the development of the so-called "paired 

correlations" method, which determines the relationship between permeability 

and diffusion coefficients for various gas pairs with high accuracy [181] and 
which shows the dependencies of these correlations on the penetrant 

parameters (Fig. 10). 

A year earlier, B.D. Freeman published similar dependencies based on 
the theory of activated diffusion [133], and later this was confirmed 

independently by Robeson [182] and Teplyakov [183]. The use of the 

Database as a source of interconnected information made it possible to 
identify the relationship of the free volume with the diffusion activation 

energy [184], the connection of the solubility with the surface area of the 

penetrant molecule [185], the connection of transport parameters with the size 

of the elements of the free volume [186], the effect of temperature on the 

transport characteristics of polymers [187], and many more.  

The work on the Database was continued in the Yampolskii Laboratory, 

and in the 2000s this base has already contained information for about 650 

homopolymers. In the 2010s the theoretical work on Database and properties 
prediction had a new start with the development of the bond contribution 

method [188–190]. With the careful supervision of Yampolskii his student, V. 

Ryzhikh, started to work in this computer-based theoretical field. To date, the 
Database contains information on gas transport parameters of about 1400 

polymer materials. 

Other databases of polymer properties are also available [191,192]. There 
are some differences regarding their features (and, consequently, functions) 

and contents. The comparison between the three databases is presented below 

in Table 1. It should be mentioned that at some point the Database of TIPS 
RAS was expanded by the addition of data on gas solubility coefficient. An 

important source to perform this work was the handbook [193] that 

Yampolskii worked on. It contained a set of solubility coefficient data for 
various polymers and served as a starting point for the expansion of the 

Database. These data were helpful when a new direction was taken to a more 

physically meaningful representation of polymers: a presentation as a set of 

oligomer conformations. At that time new gas solubility predictions method 

based on oligomeric molecule geometry was developed in collaboration with 

M.V. Goubko’s team [194–197]. 
Yampolskii always had an interest in so-called ‘computer chemistry’, 

thus, when in the 1990s-2000s compute power improved drastically and 

molecular dynamics of polymers became quite popular, Yampolskii decided 
to take part in studies of this sort. Yampolskii had a fruitful collaboration with 

the D. Hofmann team. They studied a polymer structure and quantitatively 

assessed free volume value and distribution [149,150,198,199]. Some 
attempts were also made in the prediction of gas transport parameters both by 

Hofmann [200] and Economou [201] teams. Later new collaboration occurred 

with Mazo and  Balabaev. This partnership is active to date and a series of 
works on the investigation of free volume, its morphology, and composition 

has been published recently [202,203]. 

 
 

 

Table 1 

Comparison of databases including gas transport properties of polymers and polymer-containing membranes 
 

Features TIPS Database [136] Poly Info [191] 
Polymer Gas Separation Membrane Database 

(Membrane Society of Australasia) [192] 

Structure representation Computer-recognized Computer-recognized No information on a structure 

Structure search Yes Yes No 

The ability for a user to 

retrieve data 

Yes, for an authorized user. No open access 

currently 

Possible Yes, a downloadable MS Excel file is present 

Functions -Reference data 

-Polymer structure-property relationship 

determination 

-Properties prediction using group contribution 

method 

-Machine learning 

-Reference data 

-Machine learning 

-Reference data 

-The Robeson diagram is plotted online 

-Machine learning disregarding the structure 

 

Contents    

The overall number of 

polymer materials 

~1400 ~20000 

(~1200 for transport properties) 

~1500 

Types of objects Glassy homopolymers, glassy copolymers 

Rubbery, semi-crystalline, hyperbranched 

polymers are being added currently 

Glassy and rubbery homo- and 

copolymers, semi-crystalline polymers, 

polymer blends, polymer composites 

Glassy and rubbery homo- and copolymers, semi-

crystalline polymers, polymer composites, doped 

polymers, carbon molecular sieves 

Gas permeability Yes Yes Yes 

Gas diffusion Yes Yes No 

Gas sorption Yes Yes No 

Activation energies of 

gas transport properties 

Yes No No 

Physicochemical 

properties 

Yes Yes No 

Mechanical properties No Yes No 

Electrical properties No Yes No 

Optical properties No Yes No 
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Fig. 10. Correlation of permeability coefficients for O2/N2 gas pair. 

 

Conclusions 

 

In retrospect, his influence on the development of membrane science in 

the USSR, Russian Federation, and the whole world was substantial and is 
difficult to estimate as of yet. In this short review, we tried to collect, observe 

and describe the main fields that Yuri Pavlovich Yampolskii was working on. 

His ability to spark one’s interest at tet-a-tet conversations in the laboratory, 
during the conferences and patience always motivated him to begin novel 

experiments, explore novel types of polymers, and discover novel techniques. 

Yampolskii was also an excellent educator, and his students now proceed 
with their membrane-related projects over the world. 
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